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THE BIOTIC COMMUNITY 
By JOHN PHILLIPS. 

Deputy Director and' Ecologist, Department of Tsetse Research, 
Kondoa-Irangi, Tanganyika Territory. 

{Read, August 19th, 1930. International Botanical Oongress, Cambridge.) 
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I. INTRODUCTOKY RBMARIiS. 

In stating that specialisation, despite the obvious blessings it has bestowed, 
nevertheless is. in some senses a hindrance to the progress of knowledge, I 
admit that I am uttering a truism. But are not truisms sometimes™tliroii.gh 
their very self-evidence — overlooked ! With reference to oiir oivii great subject-, 
I fear that over-specialisation is spelling a narrower and ever less co-ordinated 
concept of ecology. To many botanists ecology is but plant ecology, wliile I 
realise that some of my friends in the field of zoology take an equally ]:)aroeliial 
view^. We are becoming more and more inclined to work in non-co-ordiiiateil 
departments — for example, to-day I am addressing an official meeting of plant 

^ Although Prof. V. E. Slielford (38, p. 235) holds that while animal ee<:)logiyt.s have 
forced to notice plants, many plant ecologists have entirely ignored aiiiinals, 
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The Biotie Commmnity 

ecologists, not a meeting of ecohgistsl Of all scientific workers perliaps tJie 
kist wlio can oifnrd to work in isolation is the ecologist. 

I am to speatv to yon upon a subject around which the cross-cinTCiits of 
fontrovcrs}- have begun to swirl, and around which increasingly tempestuous 
seas are destined to rage. That siibjectris the grand one of Inoiie conminiiiticS"'- 
with special reference to the place of animals in oiir concepts of the organisa- 
tion and stnietiire of communities. 

As one who first entered the sphere of plant ecology, but who soon found 
that animals C30uld not be relegated to a minor role in the study of coiimiuiiity 
structure and functions, I humbly invite your attention to this important 
matter, for earnest and early attention it requires. It is scarcely necessary 
to remind you that one of the fundamental problems — fuiidaiiieiital liecaiise, 
ill t'he absence of a clear-working solution, so much that depends upon it 
cannot be organised and directed adec|uatel}’’ — is that pertaining to the organ- 
isation and stnictiire of eoiniiiunities. A logical working concept of the com- 
mmiity is essential to tJie development of the science of ecology. 

II, OBJECTS. 

lly desire is to rcndmv !)naid]y the attitudes of ecologists toward, tlie place 
of aniinals in natural ('oinmiinities, to descMibe a. few of my own expericMices 
in the stuti}' of ibis fascinating suliject, to ask yom especial I’cmsideration of 
the biotic c<uninunit;v caHK'ept, and to solicit your criticism. 

IIL ARfeU,MlS OF VIEW8 KE<tAiU)LX(.* TEE .RELATIONS OF ,FLAN1\S AND 
ANIMALS IX NAlTJEAli C^(),M.MUNra.ES. 

Disregarding purely passing referenei^s, there is not a very large body of 
literature referring to the philosophical and scieiitific principles regarding the 
relations of plants and animals in natural communities. 

If the view (5) that the essence of ecology lies in thinking of the eiiviroii- 
ment in physical terms be neglected, w^e naturally arrive at the followdng 
classification of concepts: 

(1) Animals are biotic factors external to the plant commiiiiity' — the view 
point of most plant ecologists. 

(2) There are a.!iiraa1 communities to which the plants are a portion of the 
habitat — the attitude of many animal ecologists. 

(3) Plants and animals arc inter-related, co-acting const of ,aii 
integrated biotic comiiiiinity. 

Let us briefly consider these concepts: 

(1) Animals as biotic factors extfr.nal to the plant community. 

' , Literature subscribing to this view is scattered and voluminous; tliis is the 
' best supported concept so far as plant-ecologists are concerned. We can con- 
.. aider' several of the more important references only : 
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Warming (52, p. 82), referring to non-living factors and plant competition, 
holds that animal life — he cites insects, earthworms and other small animals — ' 

' has a' profound influence upon the nature and the economy of vegetation. 
With that width of vision for which his writings are notable, Warming (52, 
p. 77) stresses that between the plant life and the animal life of any place 
there exists a reciprocal relation intimate as well as complex. His references 
(52, p. 366) to a community of living beings with lives interwoven into a 
common existence, almost inclines me to doubt whether Warming really was 
a staunch supporter of the view that animals act as factors external to the 
plant community. 

Flahault and Schroter (21, p. 24), as reporters to the Commission on 
Phytogeographical Nomenclature, include animals (soil fauna, pollinators, 
dispersers, enemies) as biological factors of the habitat. 

Tansley (41, p. 118; 42, pp. 166-8; 43, p. 680; 44, pp. 140-50) agrees 
that philosophically there is something to be said for the conception that 
plants and animals together form a sociological unit. On this argument, how- 
ever, he considers that to complete the picture the inorganic factors of the 
habitat should be included in the concept of the community — and these, he 
says, obviously cannot be considered as members of the community, though they 
are certainly integral parts of the system ’’ of which the community is the con- 
spicuous expression. It is as logical, he concludes, to take the biotic factors as 
external as to take the inorganic, and in practice it is necessary to study as 
a separate biotic factor any collection of animals which may have marked 
effect upon the plants. 

A broad and interesting treatment is given by Yapp (57, pp. 10-11) wdio 
asks whether we should include in the same communities higher plants, lower 
plants, and animals. Holding that if the limits of plant communities and 
animal communities be proved to coincide to any appreciable extent, we iniglit 
have to revise our concept of the plant community. Yapp summarises the 
then prevailing — and according to him crude — concept as that of a community 
of mainly higher plants living together in a habitat modified by other organisms 
— that is by biotic factors. Further, he things that we possibly may consider 
the plant communities and the animal communities in any given habitat as 
woven into ^‘^a complex but unstable web of life. The character of the web 
may, change. , .during. . .succession. . .but the web itself remains.” 

The valuable work of Farrow (20) and Watt (53, 54) as regards animals 
influencing British vegetation is based upon the view-point that the animals 
act as external factors. 

Osborn (28), in a recent paper on the biological factor in the study of: 
Australian vegetation, looks upon human agency (e.g. exploitation, iiriiig o:f 
vegetation, introduction of exotic plants and animals) as a biotic factor of 
the habitat. 
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(2) AsIMAL C’OM.^fC-XlTIES TO WHICH THE i»LA.NTS ABE A PORTION OF 

THE HABITAT. 

Even as tlic*. of plant ecologists lean to animals being external to 

plant eomimiiiitips, so do the majority of the iniicli smaller band of animal 
ecologists believe that plants should be considered as portion of th<‘ habitant, 
and not as in embers of the conimtmity. 

We find that Brooker Kliigh (26, p. 367) in his attempt to classify all 
biota ecologically, upon the basis of habitat, thinks that frtmi tlie standpoint 
of animal life, plants are part of the habitat. Pearce (29, p. 279) is of the 
same view: plants afford protection and food to animals. 

Ill his excellent book Chapman (7, p. 149) considers the animal alone as 
a. constituent of the comniniiity , plants being iiichided in biotic factors of the 
eiivironnieiit. In this connection it is not without interest to remind yon that 
Ms classification of ‘"’animals active” for those organisms causing changes in 
their eiiviromneiit (7, p. 178) is the correlative of Tansley’s (43, p, 680) ^Uiulo- 
siiccession,” a plant succession brought about by the reaction of the 
plants themselves, and the equivalent of Tansleyls "'allogemc succession” 
produced by external l)iotic, factors,' for example the progressive action of 
animals. 

Elton, ill his suggestive hook (19), treats animal communities as entities 
wHch are basically related to plants by food chains: plants may act as limiting 
factors to animals cither in connection with food or with breeding or lioth. 
He does suggest the working out first of the stages of the plant succession, 
and then endeavouring to correlate with such stages the animal communities. 

Adams (1, p. 13) considers plants as part of the environment of animal 
communities, 

(3) Plants and animals as inter-belated, oo-agtino constituents 

OF AN INTEGRATED BIOTIC COMMUNITY. 

In a very general manner Mqbius (27), in Ms researches into the ecology 
: of the oyster, seems to have been a pioneer in the concept that plants and 
animals together may form a biotic community — ^his Bioednose or Lebens- 
•gemeimcMft—m possession oi‘ certain definite territory. 

No development of the concept appears to have taken place iintiriSOS, 
when Clements suggested identity between many plant communities and 
' animal communities. In 1916' Clements (9) advanced the concept of the hiome, 
or biotic community constituted by plants and animals. Owing to the large 
number of passing. refe.rences in the literature by Clements and his chief 
associates— V. aE., Shelf ord, W. P, Taylor, Vorhies, Bird and Shackleford— no 
, attempt ds made to deal in detail with these; the papers are cited in the 
references to literature (8. 9,- 10, 11, 12, 13 , 14, 15, 16, 36, 37,-38, 39, 45,' 
46,47, 48, 49, 50). ^ 
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' For sake of ‘emphasising the importance 'of considering plants and 'animals 
together as mutually interacting members of a community, the concept of the 
biotic commimity is put forward. As the serai and climax stages in vegetation 
are looked upon as the groundwork in which animals find their proper setting, 
such a concept is held as indispensable to the study of the causes and develop- 
ment of communities. The consideration of plant communities and animal 
communities as separate entities does violence to the facts presented in Nature, 
and what is more, acts adversely in that it obscures the fundamental relation 
between plants and animals. All along, however, it is conceded that as plants, 
in addition to giving physiognomy to the biotic community, control the animals 
by means of food, cover, shelter, provision of breeding sites, the functions of 
the plant matrix will necessarily very largely rule. 

Clements and Shelfoid (14) have prepared an as yet unpublished scheme 
for the nomenclature and classification of biotic communities. In this scheme 
- — ^which I have been able to see through the courtesy of my friend Dr Clements 
— it is definitely stated that the biome or plant-animal community is the basic 
unit, that is, there are not two separate communities, plant and animal, in 
the same area. As regards the nomenclature of biotic communities, it is of 
interest to note that Prof. V. E. Shelford (38), in his paper “Some Concepts 
of Bio-ecology” (which I have seen in manuscript, through the kindness of the 
author), writes; ^^The often mentioned effect of the bison on grassland is a 
matter in point, for if the bison held some of the mixed prairie in a short grass 
stage, then short grass is the bio-ecological climax, and its proper Mo-ecological 
designation is Stipa-Bison.^^ 

It is of importance to note that as early as 1913, that is, three years before 
Clements (9) definitely advanced the concept of the biome^ Vestal (51) sug- 
gested the concept of “single biotic associations.” His grounds were that 
plant and animal associations were co-extensive, and to a large degree inter- 
dependent. Shelford (35, p. 20) two years later wrote that it seemed that the 
causes of plant and animal succession went hand in hand, as agreement 
between animal communities and plant communities was evidently the rule. 

In his study of the animal ecology of an Illinois elm-maple forest, Weese 
(55) urges that the division into animal communities and plant comiiiiinities 
is often an entirely arbitrary one. 

The dominants of a given^ commimity may be either plants or animals 
or partially plants and partially animals. 

Blake (6), comparing the animal communities of coniferous and deciduous 
forests, adopts the bio-ecological classification of Shelford and Towler (39). 

That Cooper (17) believes that “plants and animals together constitute 
our communities,” and that the distinction between pure phmt and pure 
animal communities is an artificial one, is noteworthy. 

Jones (25, p. 604) insists that in an ecological classification, plants and 
animals should be included in the same communities. 
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In liis account of tlie distribution of animals in a Tropical Soiitli Americ'aii 
rain forest.. Alice (2. p. 4(i6) considers the biota -as a unit. He coiicIiicIch that, 
ill tlie tropical for^^st, ilie inter-relations of plants and animals are more vital 
than tlie inter-relations among animals. Bj the following year Alice (3, p. 
went so b‘ir a.s to coiieliidt^ that there are mrel^/ plant anti animal eomniuiiities- - 
the sole realities are tlie liiotic eonimnnitieB, groups of plants and jiniinals 
integrated into a community. 

Having touched upon the views of other workers^ it is incumbent to pro- 
ceed to a short account of some, of my own experiences in the study of natural 
communities. 

IT. THE STUDY OF THE INTER-RELATIONS OF PLA,NTS iYSH) ANBMLS IN 
NATURAL COmUNITIES: CERTAIN EXPERIENCES. 

We are to consider two such diverse regions as the humid te,mperate sub- 
tropical forests of the Kiiysna, Cape Province, South Africa, and the vast 
seasonally semi-arid steppes of the Great East African Plateau. 

(1) BtIUUES IN THE KnYSNA FORESTS. 

These arc relatively (‘.xtensive, evergreen temperate sub-tropical forests 
lying along tin* coastal, plateaux in the districts of George-Knysiui-Hiinians- 
dorp. They are luxuriant, dense, and possessed of a climax flc,).ra of upwards 
of sixty species of trees an.tl large woody shrubs. Important forest trees are 
PocfoccrpMsspp., Olea laiirifidia, OmieahuUata, A’po(b/tes (Umid'iafa^ PhiUfiophus 
and Ouno}da. 

Duri,ng five years^ intimate association with the se.ral and climax stages 
of these forests, I irresistibly had my attention d,rawn to the profound role 
played in their life-history by animals great and small. I attempt to sum- 
marise the nature of such .inter-relations as seem especially worthy of note. 

(<!i) Biotie inter-felations in expemneMtal screens. 

Some suggestive information relating to biotic inter-relations was yielded 
' by a series of experiments really carried out with the prime object of studying 
the influences upon forest soils of varying degrees of insolation (31, 32). 

Forest soil from the same site u.nde.r high canopy in undisturbed condition 
to 2*5 to 3 ft., was placed in four large restio-thatch sc-rc^eiis— the roofs and 
sides of which were readily penetrable by rain— and submitted for 21 years 
. to. light intensities of 0*5, 0*2, 0*06 and 0*01 of full sunlight respectively, and 
to related differences in other important physical factors. Equal-aged, equal- 
conditioned seedlings of the same species (the principal forest trees Ocotea 
bulimia E; Mey., Chmonia eapensis L., Plaiylophus trifoUatus Don, Apodytes 
dtmidiata /E. Gurtisia faginm Ait., Olea laufifoUu Lam., Podocarpus 

^longata IJIletit., P,,TImnbergu Hook.) were grown under the four sets of 
,, conditio,ns. No watering and no weeding were done after the first few weeks. 
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The major edapMc factors, along with the prime aerial factors, were kept aiicler 
measurement. At the end of 2| years there had been some decided changes in 
aerial factors in the screens showing marked development of fast-growing 
sedges, herbs and shrubs, while the edaphic factors had changed to a striking 
degree. These changes have been published in detail (32) but may be sum- 
marised thus: The soil in the screens which experienced 0-5 and 0-2 light 
intensity had decreased appreciably in physical and chemical quality, par- 
ticularly in permeability and air capacity; moisture content had been reduced, 
while poorly decomposed organic matter had increased; the j>H values had 
decreased; solutes had been much diminished by the rampant weeds. The soil 
in the 0*06 light intensity had appreciably improved in permeability and air 
capacity; its had increased, its moisture content had been conserved, while 
the solutes readily available to plants had risen. In the lowest light intensity — 
0*01 — the soil had not altered much, except that the pH had been lowered in 
the presence of increased, not fully decomposed organic matter ; the total 
soluble salts had decreased slightly. 

In the cultures experiencing light intensities of 0*5 and 0*2, dense weed'’ 
vegetation appeared within several months, but no appreciable '' -weed growth. ” 
developed under the intensity of 0*06 until nearly 2 years after, and then was 
confined to open communities of Pteridium aquilinum. and Ptms ilmtata; no 
weeds established themselves under the intensity of 0*OL 

On account of the dense weed communities (chiefly HelicJm/sim petdolaium, 
H, parvijlorum, Berzelia, Ursinea, and Cyperaceae) under the light intensities 
of 0*6 and 0*2, some of the seedling trees in these cultures received less light 
(e.g. 0*005 to 0*009 in the first culture, 0*002 to 0*0009 in the second, at 3 to 6 in. 
above the ground) than those in the cultures under the intensity of 0*01. An 
important feature is that the weed communities drew upon much of the 
moisture from the upper 6 to 9 in. of the soil. 

Thermometric observations revealed that at times the weed communities 
acted as thermal blankets, higher temperatures being recorded under them 
than above. At such times the saturation deficit was usually greater under the 
weeds than above, while the evaporating power of the air due to the decreased 
rate of wind movement was considerably less under the weeds than above. 

The general development and height increment of the tree seedlings and 
weed communities w’-ere kept under observation. In the instances of the tree 
seedlings the comparative root and stem length, number and area of leaves, 
fresh, dry and ash weights of selected average plants were determined quantita- 
tively from time to time ; the mean width and the nature of the tissues of the 
leaves of such average plants were measured by means of microscopic vsectioiis. 

The seedlings in the cultures experiencing 0*5 and 0*2 light intensities and 
covered in the dense iveed growth were non-thrifty in every sense, those under 
the intensity 0*01 were moribund, those under intensity 0*06 were the finest 
in the series. The seedlings in general vigour and rate of iiicrenaeiit reflected 
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a Biiggeative tlie nature of the habitat complexes provideclj screen 

screen. 

A.t this stage emerge the points I %vish to bring to your partieiihi-r attention : 

111 the provision of particular aerial conditions to the iiiiiforin natiired soil, 
d ill alienving all vegitatioii that would establish^ to ilevelop absolutely 
coidrolltMl, I eoiisidtu' that 1 produced, under experimental controlled c‘c)ii- 
tions, tlie several stages of a forest secondary succession. At all events, 
ladrat studies in fired and felled portions of the natural forests satisfy me 
.at I am eorrect in iiuikiiig this assumption. So far as the present theme is 
mceriied, I am espcvnally anxious to make clear the fact that, wliOe there 
ere most interesting and instructive reciprocal reactions as to physical eon- 
itioiiR ancivegctatioii, there were in addition just as striking features exhibited 
y the animal population. This is of no passing. interest only, for the fact that 
part from certain wide-ranging, stable forms, the animal sfiecies and numbers 
hange with or just after the changes in vegetation stages, is singularly 
urdened with mr‘aiiing for the ecologist. It brings home to him the complex 
iter-reiatioii of the organ isniH 'within a natural habitat. 

I n^gret that 1 ha,v«‘ upjiortimity only of summarising the principal pheiio- 
nena relating to the a-iiimals within the screens. For -sake of brevity we may 
‘onsider the cimmiiinities under light intensities 0*5 and 0*2 together; we 
jrtuit separately the rammumities under intensities Ch06 and O-OL 

The original mean niimbi^r of Acanthodrilidae per sc|mire yard to the 
depth of 12 in., wus betwtvm eight and nine. By the end of 2.1 years the com- 
munities under 0*5 aiu! 0*2 light intensity showed between thrr^e a.inl four to 
the square yard, the coinmuiiity under 0-06 .show^ed between eleven and twelve, 
and that under O-Ol intensity between four, and five. This interesting feature 
.is referred to again when we come- to consider the conditions in the forests 
Themselves,. 

The spectacular snail A ehafina zebra and. smaller native snails usually found 
in the climax .forest, were present in fair numbers in the screens 0-06 and 0*01, 
but were found in the other screens in very small numbers only. 

Millipedes (Diplopoda) characteristic of soils of cultivation, and not of 
forest soil proper, were very abundant in the screens 0*5 and 0*2, and W'e,re 
rare in the darker screens. 

Orthoptera, extremely rare as to either species or individuals, in the forests, 
were present in fair iiiimliers in the lighter screens (Forfieailidae, Acnhlidat^ — 
principally Phynmfeus mfjrhilk)s-u.s — Locustidae), but were almost absent from 
the darker. Forest Gxyllidae, ho'wever, W'ere more frequent in the darker screens. 

In the insta,iice of the .liyinenoptera we note some interesting correlations. 
In the lighter screens there usually were throughout the year a certain number 
of flow'ers, and, at particular, seasons, masses of HeUcJiTijsmn, Urmieci; and 
blossom, whereas ' in the darker screens there either were no flow'ers 
at all, or at. most, in light-intensity 0*06 a few flowers of StacJiys Tlmnbergii^ 
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Lobelms-p-p,, and Oryptostemma. Accordingly we are not surprised to find tliat 
Apis mellifica and A, caff r a visited the lighter commimities frequently and 
in large numbers, while they failed to visit the darkest screen and but rarely 
were seen as individuals in the screen of intensity 0-06. 

The scattered individuals of the genera Anthophora and Xylocopa behaved 
in the same manner, the flowers of Virgilia attracting them to the lighter 
screens ; it must be explained that Virgilia capensis is an invariable constituent 
of all opener serai stages at Knysna. 

Vespidae and Eumenidae sought the lighter screens, but the gall-forining 
Cynipidae, true to their forest habits, avoided these screens and made their 
galls upon the foliage of the plants in the darker screens. 

In the distribution of the Coleoptera some points of definite correlation 
were noted : the foliage-feeding Chrysomelids were more frequent in the darker 
screens simulating the conditions obtaining within forests, and were very rare 
in the opener screens, except on occasion, when they were found in the darker, 
weed-covered portions. The forms typical of forest soils were abundant in the 
darker screens, while the forms of cultivated soil were much better repre- 
sented in the screens of intensity 0*5 and 0-2. 

As in the instance of the bees, the Lepidoptera were almost confined to the 
screens of high intensity, doubtless on account of the presence of flowers. 

Such Coccid colonies as occurred were upon the plants in the darker screens ; 
the Ooccids were identical with those found upon regeneration in climax forest; 
the few Aphids noted were confined to the lighter screens, on account of the 
presence of Virgilia capensis, the only forest plant seriously attacked as to the 
foliage by these insects. 

Naturally the higher forms were not so abundantly represented — and this 
is readily understood to be a direct outcome of the smallness of the experi- 
mental sites. At the same time, the repeated presence from time to time of 
certain forms and the continued absence of others is well worthy of record: 

Common frogs, while often noted in the lighter screens, on rare occasions 
only, appeared in the darker, but the forest frog [Bfeviceps gibbosiis) not only 
was seen from time to time in the darker screens, but repeatedly was heard 
giving its peculiar call. 

Owing to their being creatures of warmer brighter sites, the several species 
of lizard represented made their home under' the weeds of the lighter screens ; 
occasionally they were seen in the darker screens, but their presence there could 
be associated with the presence of large numbers of Diptera. 

It may sound almost as exaggeration when I state that on several occasions 
large tree-snakes (‘^Boomslang,’’ Bispholidus tijpus), inhabitants normally of 
the gloom of the climax forests, were found within the darkest of the screens, 
doubtless hunting for the occasional forest mice {Mus sp.) found therein. This 
may have been mere coincidence, but at the same time the occasional presence 
.within the lighter screens of the small hut highly poisonous, insolation-loving 
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Dik-lcop addf'r" {BiHn sp. perhaps amdalis), and their a,hsence. so far as 

Imorvi'^K iVom tlie ilarker screens, is suggestive* . 

Tlie few hifflN iiotetl were true to their known habits: thus the groiiinl 
iaiiiitiiig fortto: doves {HcpJopelhi larvaf-a and Chiikopelm ({fra) were seem i;ir 
iiore oftmi within the darker screens.. On. the other hand aji r 

*'*Druiigo-"' or blfick hee-eateher) on occasion found Ins way inio the briglilcn* 
;ereeiis in search of 1)ees. but was never .noted i;n the darker. In customary 
’ashioii the groiuid-scriitcliing Cape robin {Cossypha caffra), while a periotlic 
visitor of the darker sr^reens, on no occasion was seen within the brighter. 

Observations upon iiianiiiials were confined to those on an indigenous forest 
mouse that soiiglit food and refuge in small .numbers in the darker screens^ but 
steadfastly avoided the 1)righter, and upon the common wui^ciilus that 
preferred to seek slielter within the %veed cover of the opener communities. 

As we later shall toiieli upon the matter of the place of plant parasites in 
natural communities, it may be said that the fo.rest fungi of the orders Peri- 
sporiaceae and llimjth}'ria.eeae were better represented within the darker, 
forest-like communities, whereas the serai stage parasitic Cmeuia spin and 
0(msyfh(( (aliuhtin represented in the opener communities only. 

Reviewing this se!‘ic\s of experime.nts, we see that particular habitatr 
comj'dexes proiliiced. |).artiei.ilar vegetation communities, and that these conn 
munities reaeded in one nuinner or another upon the habitat-. A vital diiTerence 
in the factors light, temperature, and evaporating power of tiio air produced 
marked changes in a uniform soil, and together with these wrought distinctive 
changes in tln^ nature and tlu^ species of the plants present; iinc|iiestioiiablj 
the aerial, soil, and plant conditions attracted such animals as required those 
particular conditions. In the words of Yapp (57, p. 11) ''the physical environ- 
ment provided the stages on which the drama of organic life was enacted.” 
But it may be added that it is an. ever-changing stage ! 

Space and the hour do not allow" of my giving even the all too sparse details 
known to me, of the conditions that obtain within the main serai stages in the 
development of the Kiiysiia climax forest from the various types of Macchia, 
through the communities of Virgilia capensis^ evergreen Scrub and evergreen 
Bush. The data suggest that wdule there are certainly stable forms that con- 
tinue from stage to stage — for example, many species of soil protozoa, various 
insects and birds, and some of tlie smaller mammals, there are in addition 
marked changes in other u-nimai associates as the stages develop. Specialised 
work, however, is recpiired to throw better light upon this fascinating process K 

(b) Biofdc iniBT-7'elaMBns in the forests. 

A few e.xamples of the intricate co-actions among the plants and the 
, animals may be of interest. ^ 

^ Vide. Phillips,, ‘^Forest Succession and Ecology in the Knysna Eegion,” Bot. Swrmt/y Vnmn 
of S.. Africa Memoir^ WZl. 
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(i) . Let iis observe tLe far-reacWng influences tliat tie strand ol eartliworra 
numbers may have upon the general web of forest life. From experience it has 
been shown that according to the mean number of earthworms per acre of soil 
does the forest type vary. This to a large degree may be referred to the moisture 
content of the soil. The degree of soil aeration is an outcome of the reactions 
of the earthworms. Thus in a dry type forest (mean moisture content at 12-18 
in. : 25-35 per cent, on dry weight) there are about 20,000 to 30,000 earth- 
worms per acre. On account of the growth of much shrubby Trichocladus, and 
of the lactiferous lianes Secamone Thunbergii and Jfcus Burtt-Davyi, and the 
occurrence of abundance of the relished foliage of Pterocehstrus mriahilis and. 
the bark of Elaedodendron croceum and E, Kraussianum, elephants are par- 
ticularly partial to this type of forest. On the other hand, they are also 
attracted to the moist type of forest (mean moisture content 86~i70 per cent.) 
produced upon soil of even lower earthworm numbers; from 15,000 to 20,000 
per acre. The attraction in such forest are the ferns Blechmm capense and 
Maraitia fraxinea, as well as the liane Clematis brachiata. The medium-moist 
forests (moisture content 45-60 per cent.), showing from 40,000 to 60,000 
earthworms per acre, do not so much interest them. 

When elephant frequent any portion of forest for any length of time, they 
are invariably followed by the scavenging Potamochoerus choeropotamus (wild 
pig), and at times by baboon, which take advantage of the roots and bulbs 
displaced by the great animals, and which are not above searching the drop- 
pings for food. The disturbance to the soil caused by the elephant, the wild 
pig and the baboon, brings about soil improvement, and stimulates many 
dormant seeds to germinate. Fruits passed through the animals are cleaned 
of their outer coverings and fall into improved germinating beds. Naturally 
a certain proportion of the fruits is spoilt in the process of passing through 
the animals, while existing regeneration may be destroyed. 

We may push this matter of earthworm influences even further: it is that 
type of forest, the soil of which shows the greatest mean number of eartli- 
worms — the medium-moist type— that produces the best stocking of timber. 
Before the days of controlled exploitation — and, indeed, in privately owned 
forest to this day — this meant increased attraction for the wood-cutter. Tbe 
effects upon plant and animal constituents of severe exploitation are outlined 
later. 

(ii) We now turn to the matter of the inter-relations of plants with, insects 
and higher animals, and select for example one of the. most important insects, 
the honey-bee {Ajns mellifica). Of the sixty-three more important trees and 
large woody shrubs of the climax forests, no less than fifty-two are pollinated 
almost entirely by honey-bees in the course of their searches for either nectar, 
or pollen, or both. Certain species— for example, the important and widely 
distributed Platylophiis, Gunonia, Apodytes, and Niixia florihundu — depend 
almost entirely upon the bee for their fruit crops. l¥hen the bees for any reason 
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are lower in i 3 iimbf‘rs tliati nornml, these trees and iiiany otliers set- poorer 
fruit crops tlniii normal; coiiverBeho iintilthe introdiietioii of iiiaiiy mimilypls 
and wattles to tlie district a few decades ago, the bees prodiiceil less projreiiy 
when, for any jiliysical or biotic reason, the trees bore less flowers than liormaL 
The !iiattc*r does not end here, however, for the bee has niiineroiis eiieinies, 
a-inoiig which the most potent native foes are Dierurm ajer (l)r(mgo), firfebis 
hri'ula (yellow bee-catclier) and Mellimm miel Rater'). Sinc-e the mhmit 
of the European the bee has acquired a new and even int>re ruthless enemy— 
the lininaii honey-lninter, who destroys many young bees and ** smokes" to 
death maipy adults. Nature deals in turn with the native foes of the fiee, by 
means of the small Carnivores, Herpestes and Zorilla, 'while steps are now being 
taken by the Government to check the depredations of the liuinaii hunter. 
•Hmpestes a,ii:l Zorilla^ however, somewdiat unfortunately for themselves, have 
increased to a coiisideral)le extent of late years through the gradual trapping 
and shooting of FeMs euffra (wild eat) and the Cape leopard. They are, there- 
fore, turning their attention to poultry, with the ■result that ultiniately they 
^■will be much reduced, in turn, by man, and the bee-eating birds probably 
will once again increase c*f>nsi<lerably. Thus we see that tlie whole of the inter- 
relations is extremely delicately balanced; undue 'pressure in any one part of 
the w^d) causes iininediate rea-ction in every other part. 

(iii) Our next duty is to consider a few^ cases of the influences of iiative 
insects upon native plants: OKma cymosa , md especially Olea Irrwnjolfo, in 
certain years bear an extravagance of fiowens, every year J podyias* dinddiaia 
flow^ers richly, while Omtea hulhia flow’ers througho'ut eaeli and every year. 
After admitting that the degree of siiccessfiil fertilisation in OUnia is not high, 
and that, in Oeotm, this depends, Mer alia, upon the proportion of herma- 
phrodite' flowers produced (the tree is not visited by insect pollinators), we 
. must nevertheless, confess that the controlling influences of the Aphid that 
malforms a portion of the crop of OMm'a, the Psyllids that cause wilting and 

death in a proportion of the flowers of Apodytes and Olea, and the Diptera and 

...'Lepidoptera that deposit their eggs in the fl,o>vers of Ocotea probably are wholly 
necessary for the keeping of a proper’ balance in the organic scale. The co- 
action of other animals is of importance in this ■connection : a small portion 
,of the controlliug influence of the’ insects on Ocotea fruits, for example, is 
nullified by several species of dove,, the red-winged starling {Amydras morio) 
:and the fruit bat (Rouseit'm coUaris) which, passing the fruit througli their 
systems, thus remove the soft pericarps and with 'them the insects. The 
endoearps' are deposited with the, droppings, and certainly gerniinate more 
, rapidly and to a much greater proportion than normal pericarp-covered drupes. 

The,- woodpeckers Canipotliera and Dendwpicus in their searches for the 
larvae, of :.'Se-olytids, Longicoriis and Oerambycids certainly relieve the boles 
of Ocotea and , ,02ea,: of , many ,disturbing insect parasites, but it is not perhaps 
. known that these birds, through^ the'' abrasions they make and the spores they 
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carry upon their bills a|id feet, are very efficient distributors of parasitic fungi, 
particularly Fomes applanatus, a widespread agent of decay in Olea, and 
Fornes hornodermis, particularly partial to Ocotm, Fomes applanatus causes 
the fall of many a great tree of ‘^Ironwood’’ {Olea laurifoUa), and tliiis is 
indirectly responsible for the more rapid development of the regeneration siir- 
rounding the fallen giant. 

(iv) Elsewhere (30) I have given details for the dispersal of fruits and 
seeds by the various birds and mammals. On this occasion I desire merely 
to point out that, in the Knysna forests, where the overwhelming majority 
of fruits and seeds are taken intentionally or by accident by birds and mam- 
mals, the influences of animals upon dispersal and in accelerating germinatioii 
are indeed of incalculable importance in the life of the forest. The birds range 
from the diminutive Zosterops to the large Lophoceros, the mammals from tree 
mice to the Knysna elephant, and include several Carnivores that are capable 
distributors : Felis caffra (wild cat), Herpestes and Zorilla (so-called Muishoncls), 

(v) The importance of the role of lower plants in the life of the forests cannot 
be too clearly emphasised. I have given the details elsewhere, and now coiifiiie 
myself to recording that the fungi of the Perisporiaceae and Microthyriaceae 
unquestionably control, in many instances, the nature and the rate of develop- 
ment of particular forest regeneration and successional stages, and that such 
organisms ^^s Corynelia uberata upon the fruits of PodomT'piis Tlmnbergii 
Hook., Pestalozzia sp. nov. upon the drupes of Ocotea, and an uiiidentifted 
fungus of the Hysteriaceae upon the drupe-stalks of Olea Imir^da, govern 
the output of fertile fruits. The action of Fomes applamaMs in causing the fall 
of adult Olea has been mentioned previously. 

(vi) Finally, we must touch upon the role of man, for his influences have 
become so ramifying that any study of the Knysna forests would rank as far 
from complete were his activities ignored. 

Europeans have drawn upon the timbers of the forests since 1812, and for 
many years in a selective manner, the result being that to-day the proportion 
of semi-mature, matoe, and over-mature individuals of certain valuable 
timber species to that of less-required or useless species is miich smaller than 
formerly. Furthermore, through reckless felling and firing in the earlier days, 
man not only diminished the actual extent of the forests but produced marked 
changes within_ them. He has set train to innumerable examples of secondary 
successions — successions in which there are not only marked changes in tlie 
plant stages but also in the animals. 

He has reduced one of the greatest animal associates, the elephant, from 
many thousands to a single small herd; by 1888 had aiiiiiliilated aiiotlier 
important animal, the buSalo; has made severe inroads upon the population 
of bush-buck {Tragelapims sylvatious), blue-huck {CepJudophus momMcda), and 
grijsbok {Pediotragus tragulus); and has broken the power of the leopard. 
Mention has. been made of Ms reduction, of the honey-bee through ruthless 
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methoclb of lioni\y4akiiig; but more recently he haa, m far as the initi\e 
are e«uc*eTtif»cb furflier reihieed the bee popiilatioa seaBOiially by the pli'iiiliiig 
of fxteiibive plaiitatiorm of exotics extending marked attnic'tioiis to the }m\ 
His cattle browse upon the vegetatimi, Imt probably these by no uieaiis make 
up for the great henis of buJlalo that he has extenninateti. 

The wilful or unwitting iiitroduction of exotic weeds and other plants for 
exainplt?, the Britisli Jlidmn frulkmus, which has become a widespread awl 
rairipiiiit noxious weed through its. dispersai by native aniriuils in many 
parts has complicated the study of secondary suceessional development. 

Thrcmgliout the all too cursoryj and yet probably not espec‘ially lucid, 
account I have given of the inter-relations of plants and animals in the Kiyysna 
forests, rims the golden theme that the whole coiiim.tiiiity of life is a. 1:)eatiti,fully 
integrated series of factors, responses, reactions, and co-actions. To reiimve 
the animals would result probably in dire results for the plants, to fail to in- 
clude them in the concept of the community cuts across logic. 

(2) Studies in the great bast African plateau. 

For further examples of the close inter-relations of plants and animals 
we turn to that wonderful, relatively undisturbed country, Tanganyika (late 
German East Africa). For the study of biotic coninmnities this and other 
parts of east and centra! Afric^a are eminently siiital)Ie, owing to the com- 
paratively natural conditions still obtaining. It liehoves us to inak«^ use of 
our opportunities while this conditio,n. of things <*.onti!iues — in a few de(*adeB 
matters will have altered greatly. 

(a) The general inier-rdatiom of plmiis mid mimak. 

The vast concourses of animals in the savannahs of Tanganyika provide 
ready material for the study of the inter-relations, on a grand scale, of animals, 
and plants. In the instances of certain animals— for example, the zebra— the 
herds consist of many thousands of individuals, while herds of several thousand 
antelope of single species may be seen in certain districts, Buffalo and elephant, 
if not in huge herds, are exceedingly abundant in many portions of the country, 
while lion and leopard are very well represented. 

If we confine our attention to the principal animals of the Cfentral Province 
of .Tanganyika, we find th.e following actions of animals having a (lin.x*t or 
indirect effect upon the vegetation: 

(i) The grazing and hroiemig (f vegetation. Chief among the grazing auinials 
.are zebra, buffalo, roan {Hippotragus eqidnus)^ hartebecvst {Bahalin (k)kei), 
impala {Aepyceros melmnpus), waterbuck {Kobtis eUipsiprgninu^s), reed-buck 
{Redunea arunduium), and blue wildebeest {CoTvmehaetes taiirinas). 

The important browsers are giraffe, elephant, rhinoceros, l)iishl)iick', wild pig 
■ {Potamochoems)^ and wart-hog {PJmcochoerus), and among those that both graze 
^ and browse are ..the ..greater kudu {Strepsiceros), the lesser kmlii {Antmelaphus 
; imberbis)^ and eland {Tmrotragus oryx). In this class elephants too find a place. 
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When these animals—and the host of less-important forms that cannot 
be mentioned — are present in abundance, the effects upon the plants are 
remarkable. For example, the removal of the older grass from the perennial 
roots and tussocks undoubtedly stimulates the production of better growth 
the following season — a point that the "work of the Biological Survey of the 
United States has shown to be of real importance in grazing management. 
Again, the selective browsing of species of grass and of herbs and shrubs, and 
the regeneration of trees gradually alter the balance of species in siiccessional 
stages. Eepeated browsing of shoots either inhibits growth or results in tie 
development of shrubby, much branched forms. Wood-dwelling and wood- 
eating termites control the length of life and the numbers of many species, 
and definitely prevent the establishment of others. 

(ii) The action upon the soil. A study of the soil surface and texture in areas 
where there are hosts of animals immediately shows that profound influences are 
wrought ill the texture, in the degree of aeration, and in the chemical conditions 
of the upper portion of the soil, as the result of the tossing by the horns, tie 
trampling by tie myriad hoofs of gambolling, grazing or lion-driven beasts, 
the rolling of a thousand forms and the deposition of many tons of manure. 

But more, we must remember the underworld of the steppes — ^tie hosts 
of delvers and biixrowers, the uncountable hordes of subterranean gallery- 
makers, Chief among the forms of the underworld are the ant-bear {Oryeter* 
opus), the scaly ant-bear (Manis), Pedefes, Tatera, Heliophobius and a great 
fauna of other rodents. Some part too is jilayed by the wart hog and the wild 
pig. Mighty in their extensive and intensive ivork of gallery making, soil 
aeration, and formation of humus are the numerous species of termite. In 
the great chambers formed by some termites, often live mongoose and rodents. 
Formosov (23, p. 459) describes similar conditions for the steppes of southern 
Russia and northern Mongolia. 

In connection with the influence of the subterranean animals I may refer 
you to the interesting work in the United States, of Taylor and others, of tbe 
Biological Survey, in wbicb is clearly set forth the value of the work of pocket- 
gophers, kangaroo rats and ground-squirrels in soil improvement (45-50). 

(iii) The dispersal and destTuction of fruits and seeds. An examination of the 
droppings or of the stomach-contents of forms ranging from the elephant, 
the rhinoceros and the buffalo through the antelopes, the smaller Carnivores 
such as the civet, and the smaller species of Fdis, and the Primates, to the 
birds, shows that in East Africa, even as at Knysna, the dispersal of iiiaiiy 
species of fruit is through animal agency. Undoubtedly considerable destruc- 
tion takes place during the passage from snout to vent, but equally undoubtedly 
is germination in many species much accelerated by the passage. Frequently 
distributed seeds are those of the Acacias, Cassias, the tamarind, Albizzias 
and other legumes, the Commiphoras, Grewias, the species of 8tri/clmos, 
Balanites, Royena, and Ficus, and the baobab, Adansonia ddgitata. 



Hi T/m Bioite Conmmnitff 

(iv) Mjih the ages has played a mighty part, not so iiiiich tlircnigli 

the pnietiees of agriniltiire, whieh have produced eroBioii and iliiis train 
to new sneressioiis of pkints and aiiimak^ but through tlif3 agency of the aiiiiiial 
grass lii-fsh liidetM! these universal fires have heeoiue a definit4? feature of the 
dry season; apart from their eheekiiig influences upon the young of aninuilsj 
thc\v have siieet‘eded in hohling in cheek eertaiii stages of the succ'esdonn - 
thus the opener eoiiiiiiunities. iiieluding the Bfdhud-Bnirhfpirffkt Woodland 
of the (Viitral Plat.isiig undoubtedly are inhibited from clevelopiiig to the 
scu'iil) climax by the annual or biennial fires* 

Again, we see the complexity of the inter-relations, the dear iiiter-de- 
peiideiice of plants and animals. 

(fe) The mfsr-relaiwm plaMs md animals in the mohgij of the tsetse Jig 

(GloBsina niorsitans Westw,), 

But we have yet a more striking example of the necessity for thinking in 
terms of plants and animals living together — that of the tsetse problem, and 
particularly that problem set by Glossina tnorsUmis^ which iii' common with 
other species of tlie genus is an important vector of trypa,nosomiasis in man 
and beast. Indeed, in my experience, there is no biological problem that more 
lucidly sets forth t'lie truth, iliat we must think in terms of biotic communities 
and not of isolated plant or animal assemblages. 

In the space available I shall endeavour to describe some of tin'*, eo-aidlons 
exemplified in the ecology of (/. morsiians. 

Within the liraitH of its distribution in sul)-tropical and tro})i<%‘d Africa, 
this species of (Ilossma generally is found within regions of iindulating plains 
and hills. The soils of the plains may be either .alluvial or residual, but the soils 
of the MUs are invariably residual, and o.ften sho'w profusion of rocky outcrops. 

Upon the plains occur vegetatio.n communities th.at fall .naturally into the 
following general categories: (i) Open Grassland — ^the East African "mbuga’^ 
if .on alluvial soil w^,ith or writlioiit a scattering of shrubs and trees — these 
woody groivths being inhibited in their development by the ever-recurring 
grass fires; (ii) /Im-cia— Open Woodland with extensive grass, short or long; 

(iii) (hwbreiunh—Othet: Bpecies Open A¥oodland, with extensive grass strata; 

(iv) Deciduous or viu*y hugedy Deciduous Scrub, chiefly formed by the genera 
Commiphora^ Crmria, Aeacia, and members of the Rubiaceae and. (Japparida- 
ceae ; this Scrub may be either very dense or may occur as islands of variable 
'density in other communities. It supports either no grass or a very sparse, 
interrupted cover. 'These communities, in Central Tanganyika, are related 
stages., of the succe.ssion ending in the Deciduous Scrub climax. 

The Mils that follow each other as so many waves of the sea, carry league 

^ Vide PMUlps, S. J/r. Journ, 8ci,^ 27, 1930, for an account of tlie infiueiices of ire upon 
Bintic communities in South and Bast Africa, 
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upon league of one of the most extensive vegetation communities in TrojjicaJ 
African savannah — the Berlinia-Brachystegia-OtheT Species Woodland. Siic- 
cessional to Deciduous Scrub, this woodland of widely spaced grey-bajked 
trees, largely leguminous, is kept from developing- to Scrub largely through 
the agency of fire. It is found upon residual soils only. 

The severity of the aerial and soil conditions increases as the Bedinia- 
Bmchjstegia Woodland is left for the opener communities — and more especially 
is this, so during the dry season when the foliage has fallen. Apart from the Scrub, 
which is highly unattractive to game on occasion of its tangled nature and the 
almost complete absence of grass, the Berlinia-BmcTiysiegia, Woodland gives 
aerial conditions slightly less bright, hot and dry than the opener comniunities. 

From time to time, especially upon situations above 4500 to 5000 ft., there 
is found the serai Bracliystegia micro'phyUa-BerUnia-lJ'pldbnd Woodland — con- 
sisting of larger trees than the Berlinia-Brachystegia Woodland, and showing 
many of the regal B, microphylla, which is usually poorly represented in the 
Berlinia-Brachystegia Woodland. 

In the Kondoa-Irangi region the game during the rainy season (December 
to May) is generally distributed throughout all the opener conimimities, and 
largely finds its home in the great open grass areas or ‘^^mbuga.” During the 
dry season, however, when water is to be found either in a few pereimial 
streams or water-holes, largely in opener communities upon alluvial soil, the 
game and the principal associated Carnivores, lion, leopard, and hunting dog, 
aggregate within short radii of watering places. The grazing witliiii such 
vicinities is usually attractive at the same time. While game may be found 
from time to time in the BerUnia-Bmehystegia and the Braeliyskgia wdero- 
phylla-Berlinia Woodlands, in both dry and in rainy seasons, they inftiiitcjly 
prefer the open communities — on account of better grass, better visibility 
assisting them to steer clear of lion — and proximity to water. 

As the tsetse — so far as we can argue from the absence of carbohydrate- 
digesting enzymes (56) — is entirely blood-suckiiig, it is not surprising that the 
movements of game have an appreciable eSect upon its habits. For example, 
the work of my colleagues Dr Nash and Dr Jackson has shown the following 
points of interest: 

In a region where the opener communities or grazing ground s are ext ensi ve , 
the game population great, the movements of that population on a grjind scalt;^ 
with the seasons, and the fly abundant, it seems that game movements pinduct^ 
effects in the number and constitution of the fly population; that a eoiii'taiiru- 
tion of game causes -a large increase in the fly density-activit}" iji. the sur- 
rounding country; and that when the game disperses the density-activity of 
fly again decreases. A marked increase in the proportion of female tseist^ 
accompanies the concentration of game. Around water-holes wlu^re game 
congregate, dense fly '^centres” form, and may coiitiiiiie for some timxj aftcM’ 
the game, has .'dispersed. 
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0« tiM* otiier hand, in a region where the grazing m eonfineil to Hiinill g!ji<h‘h; 
Ret in a matrix of deiiHer vegetation, where the game population in o^laliveiy 
Rparsm a,!id the fly iiuinherB medkiii to km% .somewhat difiVreiit results mv 
pro(!iir<‘d. Aet^ording t(» the oliservatkms of my colleague Dr Jacksoiu suc!i 
relatively local grazing areas — usindly grassy 'diibuga*' .successioiial to Smaih. 
and perhaps showing a. water-hole for part of the year at least an* higlily 
aftnulive to game*. The livAimn-Bra4%jp!egm and Bnivhji^ilujiii mirmplifilhi 
Wooillaials that ascend the slopes and cover the to})S of the surnnindiiig hills, 
ami the Vombnimn-Opm Woodland iiitersperst*d with Decithums Hcniln are 
iniieh less attnietive. The outcome is that at the gra-ziiig and drinking sites 
there are built up centres of tsetse, "which show a mueh higher pru|)ortiori of 
female iy than does the population of the surrounding vt*g(da.,tioii conn 
muiiities; furthermore they show a high proportion of young fly. The fly 
population of the Btrlinia-BmchffAegm Woodland, however, shows a very high 
proportion of male fly, females being almost completely absent. And now 
comes the point of importance- — the fly of the centres in the ope!i ghnh*s a-re 
fl.y anxious to feed — they are hungry fly: this is known from an examination 
of the abdomens of the fly, from the fact that young, tlierefore hungry fly 
are present, and from the appearance of large proportions of females, wliiidi 
do not show themselves unless they are either hungry or desire to matc\ 
The fly of the BerVmm-BnwhjisIvgiti Woodland, however, an* replt‘te fly, or 
fly not yet sufficiently hungry as to desire to |>rocee(l to fJie glades. From 
some observations by i)r Jackson, it seems as if the fly of the vegetation 
transitional from the open glades to the BeA inia- Brachg.'^Jrgifi W<Hjdla-ml a.re. 
a mixture of hungry fly pro<H‘eding from the woodhincl to the gladt% and of 
replete fly proceeding from the glade to the woodland. 

Prom these two instances of correlation between game and fly, "we se‘e tfiat 
the keynote is in reality the vegetation type; vegetation type presents par- 
ticular features favourable or the reverse to game, and the fly associates itself 
' with the vegetation type and thus with the game. 

From data supplied by iny colleague, Dr Nash, it is suggested that in a 
region rich in game during the rigours of the dry season, the physical con- 
ditions induce the fly to leave the opener, severer plant communities, to take 
shelter in the less severe woodland of Berlium-Brachfjsfvgm, from Avhieh tliey 
sally from tiinc3 to time to the opener types for game, (fonvcnst^ly, from 
.Dr Jacksonks evidence, it is conceivable that in a region in which gaim? is 
especially sparse in the, late dry season, the fly has to spend more of its time 
in the opener types— searching for game. 

Tegetatioii plays so important a role in the ecology of game and fly that 
it has'been possible .for Messrs Nash and Jackson, on the basis of quantitative 
.^.samples over .a long. period, to classify the fly-preferred types in the regions 
in which they are: working. In the Eastern Fly Belt of Koiidoa-Irangi the 
: fly.. seems to prefer the types in .the following descending order: (i) 5. micro- 
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phjlla Woodland; ■ (ii) Acacia usambarensis Woodland; (iii) BerlifdchOtheT 
Species Woodland; (iv) Combretum-’OtheT Species Open Woodland; (v) Acacia 
spiroearpa Open Woodland; (vi) Acacia fonnicarum-Ac. Seyal Open Wood- 
land; (vii) large areas of open or almost treeless grass ; (viii) native cultivation. 

In the Western B'ly Belt of the same region, the fly prefers the follov^ing 
in descending order: (i) Berlmia-OtheT Species Woodland, and closely-stocked 
woodland of Acasia s-jyirocarpa; (ii) Acacia stemcarpa-Ac. Senegal Open Wood- 
land; (iii) Open Woodland of Acacia Kirhii and Ac, Movmnae — very variable, 
depending upon the surrounding types; (iv) Deciduous Scrub, from which it 
is almost or entirely absent; depending on the density of the vegetation. 

Man comes into the biotic community at times : for example, lie is driven 
by advancing human or cattle trypanosomiasis from his villages, wfltli tte 
resiilt that vegetation rapidly develops upon his gardens and grazing areas, 
game advances, and with it the fly. On the other hand, he may be living 
within a vegetation-cleared area suj0S.ciently large to inhibit the advance of 
fly, but may be prevented from grazing his increasing stock in the adjacent 
woodland, on account of the presence therein of tsetse. The outcome is over- 
grazing with concomitant sheet and gulley erosion, a process that sets train 
to new stages in plant and animal successions. Finally he may remove vegeta- 
tion, drive out the game, and thus upset the equilibria for the existence of 
tsetse. 

Reviewing the story of the inter-relations in the ecology of G. morsUanSy 
it is seen that there is a wonderful web linking and interlinking the physical 
factors, the plants, the game, the tsetse and man himself, a web of the most 
intricate spinning of woof and warp. Alteration in the tension of any single 
strand is immediately transmitted to a magnified degree throughout the web, 

V. CONCLUSIONS, 

Reviewing the literature and my own experience in the study of com- 
munities, I am of the considered opinion that the concept of the community 
being biotic — constituted by inter-dependent organisms with integrated re- 
sponses, reactions, and co-actions — is the most logical and by no means the 
least practicable of the concepts. 

In the biotic community I should include not only the higher plants and 
all forms of animal life — ^including man himself — but woiild also give place 
to those apparently insignificant but in reality influential organisms, the 
cryptogams. My inclusion of man doubtless will call for much criticism— so 
to anticipate such I would remind you that despite the ability of iiian to u pset 
temporarily, to hold in check to some degree, and to acceiero.te to greatcvr or 
lesser extent the responses, the reactions, the co-actions and the development 
of a community, it is more than he can do to alter fuiidanientally the trend 
of these. To him certain — and not all — things are possible. 

Nature’s spread page, when earnestly and critically studied, reveals more 
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](i. nioiT rlt‘aii}' tliat .slie^ fiiiirtioias in tonus of biotic; oOHiiiiiiiiitic^H. Wlioro 
ih! it clitlii-iilt tti iinilc^nstiiod ber in tbLs eonaeetion, it is not bofiiiisi* hh* is 
itlior liltni-ohsciire or iiioofisistoiit^ but rather cliic* to oiir iiilitToiit liiok c*! 
iiowlociuo and pprspia/l ivcn a hu'k that time anil porsovernnee alotii* will 
martially satisfy* At all events we shall not find her workiri|t cdthtT in isolnti'd 
ilaiit or in isolali*<l anima! eoiiimiiiiitios. To consider idther plants or aiiiiiiiils 
us faeiors external to a eomiimiiity can but eontiiiiie to curtail our k!iowled|ye 
)f the inter-relations of the several forms of life. 

It is ill keeping with the importance of the eubjeet that- I should at this 
jiiiictiire refer to a further aspect of the comniimity™-that aspect tliat luis 
already called for criticism from certain cpiartem — the community as a eomplrr 
organism, Clements (8, p. . 199 ; 10, p. 3; 16 , p. 314) in his purpose of intro- 
liiiciiig the term and view a,ppears to have been misunderstood l)y some 
(18, 24), but has had the support of Tansley ( 41 , p. 123; 43, p. 678) provided 
the term quasi-otgammi is employed and provided the concept applies to 
Tansley’s miograic Buc^cessioiih Briefly Clements’s purpose is to emphasise; the 
organic entity of the community, his epithet mmphs immediately di»stin- 
guishiiig this mmmmial organism, from the indiaiflual organism of general 

terminology. While I and doubtless Clements himself — would agret^ that 

' philosopMcally Oeneral Smuts (40, })p. 339-'-43)) by his inaBteiiy and inspiring 

expoRition— in a universal connection -that groups, Boedeties, nationK, and 

Nature are organic without being orgmiism^s, are holistic without being wlndes — 
has pointed to thc3 truth, 1 still am able to see that the <*oncept of tln^ ana pies 

organism has much to commend it in praittice. It certainly fotnisses at! ention 

and such a focussing is essential to advance—upon the place and function 
of all life in that organic entity the community. 

The reactions of a stand of plants is more physically than the sum of the 
. reactions of each of the separate plants; the reactio,n of the biotic community 
more than the vSimi of the reactions and co-actions of the constituent plants 
and animals. This something more is represented irdcr alia by the aggregate 
shading, alteration in temperature and rate of evaporation, tlu‘ improvmnent 
of the soil, and the responses of thi; ])lants and animals theinselv(.\s. A bii,>tic 
community in many respects beliaves as a complex organism- -in its origin, 
growth, development, common res])oiise, common reaction, and its reprodiic- 
tion. In accordance with the holistic concept of Smuts (40), the biotic com- 
munity is something more than the mere sum of its parts: it p()sseRsc\s a Rp<‘cial 
identity— it is indeed a mass-entity with a destiny peculiar to itself. 

p Throiigli the courtesy of Prof. V. B. Shelford (38, p. 4) I have l^een able to eouniilt the 
manuscript of his paper. ‘^‘Some concepts of Bio-ecology” in which .he likcjis the bionu* to an 
amoeboid organism, a mi,it of parts, growing, moving, and manifesting in ter, mi! processt's which 
may be likened to metabolism, locomotion, etc., in an organism. Forbes (22) says, “A group or 
. association of animals or plants, is like a single organism in the fact that it brings to la‘ar upon 
. the. outer world only the surplus of forces remaining after all conflicts .interior to itself have been 
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Criticisms that may be levelled at the concept of the biotic commiiEity 
are that at times no correlation between the stages of the plant succession and 
the animal population is to be found, and that animals range from plant stage 
to plant stage. I suggest that as, our knowledge increases we shall find that 
despite the linkage in certain instances of animals to plants which are relicts of 
an earlier stage, despite the wide-ranging predilections of certain forms, there 
are, definitely, .forms that are peculiar to stage, and that the ranging forms 
probably play a part in some special seasonal or other aspect of .certain stages. 

Unquestionably the logical basis of classification of the biotic community 
is development, for this basis alone enables us to refer the present to the past, 
and to point the present to the future. 

As the dominant plants not only give physiognomy to the community, 
but provide protection, shelter, breeding sites and food to the animals, and as 
the influence of the more important animals will take some time to decide, 
the first step should be to base the nomenclature of biotic communities upon 
the dominant plants. Upon the reactions and co-actions of the predominant 
animals being decided, the names of one or more of these might be added 
to the name of one plant dominant or to the names of several plant dominants. 
Such details, however, may readily await our gaining more experience in the 
study of biotic communities ; we shmld not endeavour to lay doimi rules ai this stage^ 

yi. METHODS. 

I can scarcely leave unmentioned the matter of methods likely to be of 
utility in a study of the biotic community — but at most I can here but limn 
the outline. 

At the outset it must be realised that students aspiring to be ecologists 
should receive a broader training in biology and the physical sciences, and 
above all should be trained in practical instrumental, quadrat, and animal 
sampling methods. To my mind an excellent setting for this after- training is 
a course in either agriculture or forestry for the worker who is to deal with 
general problems, and a course in either veterinary or medical science for Min 
who is to study specific biotic problems regarding animal and human welfare 

Secondly it seems plain that co-operative or team work is essential; 
botanists, zoologists, workers in other sciences must labour together, and link 
up with the men of practice and administration. The field is too wide for any 
single worker — the investigators of the biotic comiimiiity must be inspired 
‘Ho set the cause above renown, to love the game beyond the prize.” — -.a 
sentiment as yet none too common in circles ecologicar^. 

1 These views were stressed by myself at the Imperial Botanical Conference, in London, o ii 
15th August, 1930. 

^ Through the kindness of Prof. W. C. Allee (4) I .have been able to consider the manuscript 
of his address, “Concerning Community Studies,” By taking as a hypotlietical example the study 
of the biotic community presented by the University of Chicago staff and students, lie lucidly 
urges the inherent inefficiencies of our present methods for the study of communities of organisms. 
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lisscnrial lines for praelica] investigiition are: (i) Primary surveys of ihe 
iporf ant plants aiid animals of natural regions— these ,surve3'.s would suggesi 
le most <‘jfeetive lines and the mo.sl suitahle sites for inve.stigatimi of devfiop- 

J‘llt a, Ilf! ilH 

(ii) ! ievc*lop!iiinitiil Htiiflii'H withif! important 'by m»‘aii.s of iiistni- 

tjiiadratH aial r|uaii1itative animal (r/r/r 34). 

(iii) Speeial Iiabitii-t siiuiilalion expmiiiiaiits by means of canifrolltMi iiatiira! 
r artilieial oiivinmments: tliese wcnilcl throw light iipmi -priiiie fas|ioiis<‘s. 
eartioiiHj and eo-aetions. 

Details for the investigation of the biotic commiinitity in the tsetse problem 
ire given by mys(df elsewhere (33). 

¥11. APPLICATIONS. 

Unquestionably the study of the biotic community wonhl reveal informa- 
tion of fundamental economic value in various fi.elcls. For example Jn/nres/ #7/ 
it should elucidate problems in S3dviculturc‘ and forest regimeration. it sboiihl 
enable to select arid manage the crops of a region with improved 

resultBj grazing policy and management would increast* in efiieimicy us the 
inter-relations of wild or domesticsrteil animals and pasiuragt^ are lietti^r iiiider- 
stoodj while eemamim eniomologg would find iis knowleilge of pest control 
assuredly enriched as it investigated the basic iriterclepeiifbuice of plants. 
insectSj and other organisms. In specific instances — to wit, trypanosoiiiiasis, 
plague, malaria — human medicine could learn iimcli from an appli4*a1ion *>f 
the concept of the iiiotic community. 

Lastly, I have faith that through steadfast investigation of t1u‘ iirgaiiisalion 
and life of the biotic community, we, with jniinfiil, slow but not uncertain 
steps, would draw a little nearer an interpretation of that graml riihile ihe 
ecology of- the Universe. 

VIII. SIBOL4EY. 

1. An attempt is made to outline the views of ecologists regarding the 
relations of plants and animals in natural -comiminities. These views a, re (con- 
sidered under the heads: (i) Animals as biotic factors extmual to t!u‘ plant 
comimiiiity ; (ii) Animal communities to which the |)lants are a. portion of the 
habitat; (iii) Biotic (x;>nimiiiiities— inade up of iidoidependent plant and animal 
members. 

2. Examples, of inter-relation and inter-dependence in natiiraJ ('om- 
munities are given from the writer’s experience in the sub-tropical (na?fgreen 
forests of the Knysiia, South AMca~data being given from exp(‘riimmta! and 
observational sources; In addition, he records the inter-relations of [ilants aiui 

, animals in the savannah regions of last Africa, drawing examples from the 
" great game fauna, and from the ecology of the tsetse-fly, Glossina rnor^tiians. 

^ Aerial wmi/ with supporting ground reconnaissance would be especially valuable in the 

- 4.1^^ Kfist hnowii recioiis. 
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3. It is concluded that the most logical working concept is that of the 
biotic community. Furthermore it is held that Clements’s view of the cona- 
mimity being a coniflex organism, while philosophically perhaps not wholly 
true, has definite practical value. 

4. A very brief outline of methods, and of the applications of the concept, 
is given. 
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AN ECONOMIC ASPECT OP REGIONAL SUR¥1Y 

By a E. ROBBIM. 


{WmPMesI-IIlJ) 

This article is mainly devoted to tie development, on a large scale, of tie 
application of ecology as an essential preliminary step to tie formulation, of 
a well-laid plan .and policy for a ''new’^’ country. Suci development of tie 
science of ecology naturally proceeds along two lines : tiat of overcoming the 
natural obstacles that are i.nlierent in mere size and bulk and that of securing 
adequate and intelligent co-operation among all the sciences and arts involved. 
This “'‘rationalisation’’ has long been a feature of what may be described as 
academic ecology, where the individual scientivst has realised that he must call 
for assistance and advice not only from members of sciences of which his own 
knowledge may not be profound, but also from those of his own particular 
interest. The problem, however, becomes complicated immediately practical 
results on a large scale are required because so many interests become involved, 
personal, industrial, government, etc. While it is realised that with the great 
responsibilities and issues involved it is difficult to avoid the " cubicularity ” 
of the various government departments, it is believed that a method has now 
been evolved whereby the rationalisation of science and industry and govern* 
ment can be extended to include all three. To explain this method is the 
primary object of this article. 

The problem for an undeveloped country boils down to one of finding wffiat 
that country contains, and how such contents, potential or actual, living or 
dead, can be got out. To ascertain this on the wide, general lines essential, 
it is necessary that all the departments of the local government shall co- 
operate, and that they shall have at their disposal the latest scientific know- 
ledge and methods. Primarily there will be required maps (topographical, 
geological, edaphical and vegetational), and from these will arise a demand 
for further information over certain areas; bigger scale maps for railways, 
roads, pipe-lines, etc.; mineralogical maps and maps showing areas suitable 
for forest only, and those suitable for various kinds of agriculture and for 
irrigation or draining. The old method of each department producing amiiially, 
with its limited staff, and quite independently of what other departments were 
doing, , so many square miles of new map, topographical, geological and so on, 
is not only entirely wasteful owing to overlapping, but by its slowness prevents 
any general policy and plan of development being formulated. The solution 
would appear to lie in the use to the utmost of any new method which can 
permit of co-operation with the local officials, can provide all the information 
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luitiHl at oi'ii* a!i<l am eall on- the results of the ver}^ latest seieiitilie 
VTsti^!4atio!is to jussist iii its eriinpikitioii. 

Siifh ri is already availa'bk% and lies in the iist» cd the aeropiaiir* 

itli a. I’lili eoiijpletiieiil not only of expeneiieed pilots, observers, and plioio”' 
‘apliers, but of spc‘eia!ised e^‘ohigi.sts, soil-seieirtists. s«rvt‘yc^rs, agrieiilf iirists. 
iriAsters. botanists, eit*. It caiiniot be too miieh iiisistfai that air survey no 
uiger iHinsists of ‘‘sjdasldiig'' a few photographs ovtT an artat ami stitdciiig 
hem together, but has become m exact science with its own parlicailar 
echiiiqiie, machines, am! instruments. And just as for the prr*parati<vn of 
m accurate to|)ographic*al map by aerial methods adecpude ground coiitia.d 
B essential, so for the other j'lurposes a staff of trained sci(mtisfs must be 
miployed. The great advantage of the combination is that complete cO“ 
operation is secaun-Hl and all concerned, whctheF on the ground or in the air, 
will be working tog«*tlier to a common end. 

The adecpiacy cjf tin* air method, for producing topograjdiicad maps of 
various kinds and scaile has been fully demonstrated. The results acliicwani in 
vegetationa! and forest, slock maps, whether I>y the use of jihot-ogruphs or 
by visual reconnaissance, hu.ve also lH*en suflic^itmtly slunv?n The project of 
producing at one tiim^ a complete reconnaissance map showing not- only 
topographical featiues, but the '‘regions" and tlie various getdogiml and 
ecological fomiatioris, is, however, revolutioiuiry, a.nd as such is naturally ami 
rightly opcm to trenchant criticism. Sucdi comments van come mainly fnmi 
two directions: from those w'ho deny the ability of the air nwd'liod allied with 
adecjiiate ground control to prodm*.e iln^ rt‘t|uircd information; from thosr* who 
doubt the importance phu*cd on co-o] aeration and tln^ ionploymcmt of a. spAeial 
staff to achieve it. It is true that these criticisms cannot be met !)y the best 
of all arguments: a Ml-scafe successful example of the process in opcu'atitm. 
Were it so there would be no necessity. to make an effort to prove the c*ase. 
But every new process that really marks an' advance must pass through its 
experimental tests, and no better jdace could be found for such tests than an 
area where all information sup])lied by this new method could be cdiec'kr^d by 
refcwence to accurate imd existing knowledge. Such areas <‘an be found 
almost anywliere in England; the actual part chosen for this demonstration 
consists of a strip nimiing atu'css the southern middh‘ part of England from 
some miles iiorih*W(‘st of Oxford to near Marlow, This was chosen In^caiise it is 
easily accessible, and many geological, soil and vegetational changes are en- 
countered. The actual selection of the area was made by Mr H. Boiirm^ (d‘ 
the Imperial Forestry Institute, who has for some years been interested in 
this new, application of the aeroplane to old problems. Pioneer work of this 
nature, which is of particular interest to geologists, soil scientists, ecologists, 

. agriculturis.ts .and foresters, and is of general importance, needs recognition 
and, more especially, assistance in the form of funds and expert lielp.^ Mr Bourne 

' achieve the results which 
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would be o1)tainal)lc3 given adequate co-operation with the '^‘arious specialists 
concerned. His investigations are not yet complete— and it is hoped tliey 
never will be. as fresh potentialities become visible— but they }iave|)roceecled 
far: enough to give definite results and nearly all the following statements are 
based on his research work. 

Two examples can be quoted as answer to any question as to the necessity 
for close co-operation between all concerned in any conipreliensive survey: 
one from overseas, showing the overlap that arises when each part of the survey 
is done separately, and one arising as a direct result of Hr Bournehs work. 

The first example is taken from the part of Lower Burma known as Tena-s- 
serim. This area comprises some 16,000 square miles; is largely covered with 
dense evergreen forest; and has a small j)opulatioB, most of which is con- 
centrated along the coast. After manj" years of inactivity the area was mapped 
on the scale of 1 in. — 1 mile, but no attempt was made at that time to secure 
any geological or forest data, both important in an area heavily mineralised 
and mainly tree-clad. Soon afterwards the geological department sent out 
its surveyors and they prepared excellent maps showing the main geological 
formations but without indication in any way of the soil and agriculttiral 
possibilities of the hinterland. Finally the forestry service undertook a com- 
plete survey to prepare stock-maps of the various forest types : these .maps 
certainly achieved their main object, that of showing those areas worthy of 
permanent allotment as reserves and those which contained poor stands. 

But all these uncoordinated effects, while each produced excellent results 
in its own way, failed to correlate the geological, soil, climatic and other fac3tor8 
that gave rise to the existing state of things. If all the operations had been 
carried out together with all concerned in close co-operation a ^b^egional^’ 
map might have been prepared which would have shown the locations and 
areas of the regions of different potentialities. In such a forest belt it does 
not follow that areas bearing good forest stands are necessarily ‘'Horest land’' 
nor that those with poorer tree crops should be excluded from forest reserva- 
tion. Moreover, it is wrong to assume that a geological formation ■will produce 
the same soils over its whole area, or that the soils from two different rock 
formations may not be identical from the vegetational point of view. 

And this immediately leads to one of Mr Bourne’s contentions, namely, . 
that the “solid” geological map, as generally prepared nowadays, however 
accurate it may, be, can be quite useless for determining the area and situation 
of those overlying soils that are suitable for agriculture. Even “drift” maps 
are, in many cases, quite inadequate. His research has carried him across 
a very varied series of rock near Oxford: he has encountered Great Oolite, 
Forest Marble, Coriibrash, Oxford Clay, gravel terraces, Calcareous Grit, 
Coral Eag and Kimeridge Clay. These are the formations as marked on the 
6-inch geological map and, considering the largeness of the scale and the 
accuracy of the survey, it might appear to be a logical deduction that, in most 
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jases, tiK‘ Mirhiee HDiin wcaild licw a fairly elo.sa reiationf^hip t-a ilir* 

!K‘cia But llif.s in fnajiauitly uot ho. hikI for four rrasoiiH. 

Firstly. Ilu^ rlaHsilinition of gi^olo^iral forraatioiiH in hased laryuly on fossil 
oYiclc*ius\ aiui littlr or no tiiHoriininafioii is wacli* liotwocui dilToroul hnls witliin 
tlie same foriiuitioiu For nxainplo. ac'ca:mliii|x to tho woatlioririg mid jfliysio- 
gnipliy, Fciissst .Barhlo may cm, temp on tlm surfaro m a, linisliy or 

a,.s a flay: and tin* KinnTidgf day may ho fovoroii in jdaufs by a caip tif suinI 
of thf namo forinaticui that, in otlmr places, has heon washed a'way. Yvt «*veri 
the *Mrift'' map will slnov only Forest Marble or Kimeridge day in spitf* of 
the great soil diftVrem/i^s involved. 

Secondly, tlie purpose of the geologist being to prepare a map of tin* rimiii 
formations, iie is naturally apt when eiieouritering outliers, or at tin* transition 
zone of his formations, to disregartl outcrops that do not show a. depth of at 
least a foot or to draw back his boundaries until some siudi tleptli has been 
foumi Soil inapi'ang not being his husiiiesH, his geological map may present 
an entirely false impreBsion to tin* farmer or forestin', to wlioni the top few* 
inches or feet an^ all important. Miuvover, the personal eleimmi miters and 
in some phu^es ijuite thick C5a|>B may be ilisreganled, while in othius the 
boundaries may lie carric^l to the c‘xtrtmie limit. 

Thirdly, no attempt is usually mad<* to sliow a,.ny local '‘■b'”*re4*|)” or move- 
ment (apart from fohling) of om* rock ovt^r another, and the creep, for example, 
of a cap of cah!areous grit over Oxford Clay or of Kiiueridge Sand over 
Kimeridge Clay is completely ignored, although it may completely change 
the soil conditions where it occurs. 

Fourthly, unless special drift"’ maps have been pri*jiared the full lextent 
of glacial ^'drift” is not showm and even six inches of such ^birift” may 
altogether alter the potentialities of the soil 

The above exain_ples do not embrace a large area, and the rocks concerned 
are ail sedimentary or alluvial, but additional evidence is becoming availal)Ie 
in the continuation of the area to the east, through the Crreensands. Gault, 
Chalk, etc., and such discontinuous formations as the Bagshot Band to the 
London Clay. Although the area is small the change of formation is very 
frequent, and it is considered that Ulr Bourne has proved his points that: 

(1) Geologists shmdd map the beds to their extreme limits iiududiiig the 
'tcreep"’ and the fidl extent of drift. , 

(2) If they will do this and will discriminate between diffeinuit beds of the 
same formation, soil mapping, whether according to profile or texture, is for 
all practical purposes finished. 

(3) But to do this within reasonable time they must have botanical know- 
ledge, or co-operate with botanists, for the recognition of plant indicators to 
obviate an enormous number of borings or sections. 

; : If the above, contention, namely, the necessity for intensive co-operation, 
n+ui to demonstrate the use of the aeroplane 
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ill pniiiKitiou of meh combined siirveyB over wide areas. It is 

to iliis l!oi! a!i ^ir Botirne's researches are now leading, and it is coa- 

siderod tim! lie has here also successfiilly. proved liis thesis. At first sight, 
from tlif* iiir \iew. iif» more mi promising and less differentiated area than that 
elioseii could hiive been selected. To an niitrained observer flying over the 
(!oiiiilry ihtu'c would appear at the most agricultural lands of mix(‘(] pasture 
and arable. diviTsified with pine, beech and oak woods, and if the problem 
had bc‘e!i attacked from this end it is probable that no definite scientific 
results would have lieen obtained. But the work was approached through, 
investigation on tlie ground itself, and apart from the use of aerial photographs 
(wliicdi providf‘ the only maps that can showed? the superficial features of the 
country) no }H*ed was taken of the employment of aeroplanes, whether photo- 
graphically or visually, until the ground data had been established. The fol- 
lowing sec|iieiM‘e gives the cmim: of the different operations, in thought, but 
not iicHa^ssarily in deed, as many couH, and normally would., be carried out 
at the mmw time. 

First, a soil map was prepared by actual borings. For this the geological 
map was of assistance, but, m stated al>ove, could be definitely erroneous or 
iniKleiuliiig where soil features wvre re(|iiir(‘d. Second, there were noted for 
each soil l}’pe paiiicalars as to the e.oniigurat'io'n, form of agriculture, crops, 
natiini! vegetatioii (species and growth), etc. Third, a study of each soil type 
was iimde as to which, if any. (»f the foregoing features and of any others wuiild 
he {liKtiiigiiishabh* from the air, eithiu* visually or photographically. Such 
features would again iiichide the form of agriculture and the crops, hut would 
idso embraca* pnsseiKfc or absence of woodlands; species and growth of trees; 
shape, si 7 J‘ lim'l eohmr of iields; presence or abseiici^. of hedges, stone walls, 
<litehes. etc.: the configuration and gcmeral appearance of the eoimtiyside. 
The last feature may seem Viwy vague, but it must be remembered that literally 
a bir<rs-eye view is obtained and that once an observer knows his type he 
recognises it cdsewhere by all the above indicatioiis eoml)ined jjIus an ajipear- 
anee, diverse^ from that of other types, which it is difficult to analyse and 
split up into its vai'ious, frequently very small and numerous, causes. 

The regions having betm tliscovered and their ground and aerial features 
analysed there only remaiiuHl ta see whether the regions could be recognised 
from air plmtography or visually. Little difficulty was eiK'ouiittu'CHl in this, 
and where iliere was consitlcraffle risk of <3oi:ilusioii between two sup(‘rii(*ially 
similar regions overlying different rock forriiation, e.g. Kinuuidge day and 
Oxford (hiy. ilic <'orrt‘ct chuitammiild probably nearly be made on the 

evidence of the adjoining regions. It is admitted that a good tleal of the evi- 
dence on which the aerial di*dsions would have to be made is, in this instance, 
artificial and sucdi as wouhl not be encountered in an iimleveloped eoiintryc 
But it is coiitemlcMl from experience that the natural superficial evideiiee 
supplied by such a country would be much easier to read as it more directly 
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file iirtors oml i.s iidI an iiidireet pmiima of tiif‘si‘ Mima faalon*^ m linii 
brmiali niaiL ^lc»rauvt‘f\ ii is iinjirohahla tha.! ilie many of rejiioii 

Diiiifi ill tills strij) would uonnally lie eiu-ounlerad in areas not 

penally s.(‘le(iiMl for siieli eluiu^es: la,r|ier. wellolillVrentiated hloeksare more 
imbalile. Tin* i‘oiiilafii*d survey with whieii this artic'le iiifiirtly ileajs will find 
ts giwatest srope in iiiidevetopei! eoiiutries for wliieli li eonr*er!«*tl phiii of 
levelo'pniei'it. is urgently re<|iiired. IViiiiilries fultiliiiig these roiiilit imts are to 
le foiiiui ill many of our Africa, u liepeudeueies, where not only is there fiec*i%^>iiy 
■o discover (|iuckly the minerals agriciiltiiral and forest res<nirces. to tItHmIc 
die best lines for rail ami road constriiet-ioin and to allot tlie lands for forests, ;■ 

rgriciilture, etc., on a scaeiitilie basis, but there exists the prirrie urge of 
allocating the territory to natives and immigrant Europeans in such a inaiioer 
that shall be satisfactory to all concerned and shall be permanent. 

!For such a ccmiitry the procedure of the survey ’would lie roiiglily as 
follows. The whole area would be rapidly covered with oblique ]>liotogr(ii)hs ; 

for the preparation of a snialbseale nn’orniaissaiiee topographical map, Wlrile 
this photography was taking place the ground surve}’ors. geologists, inter- 
praters (i,e. aerial oliservers and readers of a.erial photographs), eti*.. would | 

determine the best lines for stripH of vcHiad pbotograjihs to lie taken. I’liese ^ 

strips would be used to ‘“tie-iir’ the obliques and would lie nserl as maps J 

by the aforesaid ground statl. The ground sta.;IT would then proeeed along tlie ^ 

lines of these verti(‘u1 strips and emfi nieinber, while in co-operation with the 
others, would carry out his own pa,rticular work, Tlie ground surveyor woiihi 
fix his control points (astronomically or with a theodolite) atni llit‘ others 
would gather all available information as to the geology, soil, forests, etc. As 
soon as this inforniation permitted tlu^ deteriuinatiou of tin* various regions 
the chief interpreter could train others less skilled than liimscff in itlenlifying 
the various regions on the ground liy their superficial features without knowing 
the -why and w^herefore. He himself would return and from a study of the ; 

photographs or by visual reconnaissance would mark on the small-scale maps 
the boundaries of the various regions. Those regions which appeanal to lend 
themselves more fully to development would then be coven^d completely with 
vertical jihotographs, and a much fuller ground, control would bi^ sia>rti‘(! em- 
bracing all phases, topogra_pIu<ad, geological, vegetationah etc., with, a view 
to the preparation of l.arge-s«*ale maps with more inform at ion. As such works 
progressed still bigger scale maps an<l still more information would la* na|iiiri*d 
about certain areas until the final situation would be a. practically comfiletc^ 
knowledge of areas wanted for immediate development, fairly full kiio\vh?(ig(* 
of other areas potentially valuable but not immediately ret|uircHb and a 
general knowledge of the remaining and less valuable districts. 

, To. sum, up, the main points are: 

, 1,. A. reahsatiion that the aeroplane, its camera and the observerls eye are 
■merely new, instruments, and that the whole work depends on a specialised 
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scientific groiiiul stsii! Avlio niiist combine in eyery direction. Th(‘ function of 
the air |airt is to apply the ground knowledge and tlieretiy ga-iii speed a.m! 
save cost and to I'lrodnce ‘'regional” as opposed to merely local results* 

2. The extraordinary amount of local knowledge that can 1 k‘ acquired 
in a short space of time as a result of systematic ground survey by u trained 
staff. The point will be apipreciated by forest workiiig-j'ilan cillicers who 
usually, on the completion of their systematic held woiiv, know inon? of the 
real status of the forest than the forester in charge who lias been largely 
occupied with aelrniiiistration. It is also apparent in the knowledge gained 
by a soil scientist in a very short time as compared with the farmer’s acquired 
experience. It is indeed comparable to the topographical map prepared in a 
limited time by a proper surveyor and the sketch filled up from time to time 
by untrained individuals from haphazard traverses, measurements, hearsay, 
etc. 

3. The manner in which such surveyors pave the way to an understanding 
of vegetatioiial succession and help the botanist and forester to differentiate 
between the respective effects of local factors and of inaji on the existing 
vegetation. 

4. The extent to which systematic surveys throw light on controversial 
questions of agriculture and forest practice and help to clarify' the issue. 
Most of such controversy is due to insufficient |)remises and evidence. 

5. This article givers a very general account of the processes involved and 
the objects sought. The puldication of Mr Bourne’s full d(.\sciij:)tion ajitl his 
approach to the siiLqect, the methods employed and the results achieved will 
be awmited with great interc'st. 

Blost of the references in this article have so fairbeen directed to the applica- 
tion of the methods involved in the study of actual or potential agricultural 
lands. But during the process of the ground work it has become increasingly 
apparent that this approach has direct bearing on the cultural problems of 
the forester. Most modern forest working plans; on the Continent, in India 
and the Dominions and in the United States; are based on a stock-map of 
the forest types, an estimate of the volume, or an equivalent, and considera- 
tion of price and methods of exploitation. . Such are essential, but the tendency 
has been rather to make the cultural ideas fit the results produced by con- 
sideration of management. A compromise is us'ually inevitable, and every 
forester knows that to maintain the jdeld he should know how lie c^a'ii re- 
generate an area before he starts removing the existing crop. The soil surveys 
carried out, in combination with the kno'wledge of the state of the crop, 
growth, and regeneration on the spot have shown a very <lefiiiite correla- 
tion between the appropriate silvicultural system and the site factors. To 
introduce the proper cultural treatment to every site may entail great com- 
plications over quite small areas,' but any sequence of sites is likely to repeat 
itself again and again throughout a whole forest unit so that actually the same 
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imber of silvicultural systems may be required, althoiigb tlies#3 will be 
^plied locally' and correctly' pver many Mall ateas' instead of in blocks and 
ainly over a few large areas. Correct soil, mayp are thus seen to l)e as iim 
irtai^t to the forester as to the agriculturist. Moreover^ although the evidetiee 
so far scanty, it appears that the aerial method may 'assist in fixing the 
■ea for different treatments. In the beechwoods and plantations of thc‘ 
lilterns those localities where the beech is dying back on certain chalk 
^ds, or where parts, or the whole, of plantations have failed, can be seen 
i air photos and can supply evidence as to the soil factors or nice nemi, 
ice the correlation is known. 


DESCRIPTION OF PLATES l-^lll 

[.IlTS I. 

Orientated from top to bottom roughly east to west. Typical Chiitern Ravine country with 
differences in elevation of 300 feet. The outcrop of the chalk rock, at the base of the upiKT 
chalk, is associated with the steepest slopes and stunted beech growth. The small crowns and 
. th6 close canopy, due to the scarcity of merchantable trees, produce a characteristic effect 
on the photograph. The best exampl© is situated on the southern side of the larch plantation, 
easily identified towards the bottom of the photograph by the cross rides and minute crowns. 
The larch extends along the summit of a spur, the luirrow-est point of \vhi<.*h is just to the 
east of the plantation. Farther to the east the spur broadens out into a pear-sha|Kid head, 
and its northern., easte^rn, and more ©specially its southern slojx's are marked by stunted 
beech. At intervals along the southern slope, the early stages of “dying (drt’ among the 
beech are featured by a greyish tint on the photograi>h reflecting the yellow leaves, attribut- 
able to the action of drought on the very shallow^ soil. Owdng to the south-caBterly dip of 
the strata, water seepage above the marl beds at the top of the Middle Chalk is pronounced 
along the lower southern slopes, and considerable windfall, coupled with fungal attack, is 
featured by the open stocking. Along this line ash regeneration is profuse. On the loam- with - 
flint soils in the valley bottepn, still farther to the south (on the right-hand edge of the 
photograph) tail w'ell-grown beech occur. Similar beech occur in the pear-shaped wood 
in the main valey to the north of Wormsley House. Apart from two small copses, the main 
valley to the south-east is all arable. The variations in the depth of loam-with-flint soils are 
clearly reflected by the crops. The grass in the Park, immediately to the north-east of the 
house, also reflects the soil differences. The rough grass on the chalk banks bordering the 
arable fields may be contrasted. The mixed vegetation to the south and %vest of the house 
■ consists of various tree species and shrubs, while in a secondary valley adjoining, to the 
north-west, a spruce plantation (centre of the photograph) can be distinguished by the small 
dark crowns of the trees. In another secondary valley farther to the north-west a simihir 
spruce plantation can he identified. The beechwoods surrounding it oii three sides inc[u(i(‘ 
several types typically associated with different soils. But to appreciate fully tla^se and 
other features shown by the photograph, it should be exammed with overlapping prinis in 
a stereoscope. 

PliATB' II, 

Orientated from top to bottom roughly north-east to south-w'est. The escarpment marks 
the boundary bet-ween two major regional imits — the Avon Vale to the wnst and the ITiltshire 
Downs to the east. The escarpment itself is a minor regional unit wdth very steep slopes, 
capped by the Lower Chalk on top of the Upper Greensand or Malmstone. Rough grass, 
thorn scrub, and woodland with ash and beech, are characteristic. Landslips have been a 
feature in the past and the easier slopes immediately to the west have in consequence a very 
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Photographed by the Aircraft Operutinif Co., Ltd. 

No. 01714. Beecliwood, Wormsley, England. Except in the immediate vicinity of the lu anti 
in the plantations, the forest is almost pure Beech. A little Oak occurs, particuiarK- t-.n [ho \-aney 
Loani-witli-Flints; Ash is replacing the Beech where the latter is dying off. Scale: appmx. i t i 
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Photographed hy the Aircraft Operating Co., Ltd. 

No. 02432. Chalk escarpment S. of Highway, and 3 miles N.E. of Caine, Wiltshire, England, 
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FhfdosrapJu'J hy !hc Aitrraft Co., Ltd, 

— . Boundary of Soil Flora: 

Spruce; C - Spanish Chestnut; L - lotrclr 


iN^o. 01974. Brow'thoriie, 

Tree species : O ™ Oak ; 

P ™ Scotch Pine. 

N.B, In the forest the principal tree species are 
below. 

Soil flora : B = Bracken 
{Erica tetralix ) ; M = M 
In a mixture the order 
frequency as their appa 


, Boundary of Forest T 
B -"Beech; Bi Birch; 


gen era 


11 fhnth iEiicj cinerea); T - Bell HtL-uiiei: 
grasses; .K. Ria’ias spp; 

,«-e slun\-n does iiot indicate so much their iiumerical 


ROBBINS — ’An Economic xLspect 

Face p. 33 


OF Regional Survey 




(1 R. Robbins 33 

irregular surface and variable soil, with the Gault Clay exposed beyond. The arable fields 
below the escarpment to the south-west mark the position of an exceptional slip and form 
a definite terrace. Below these fields and roughly parallel to the escarpment the irregular 
field boundaries mark the limit of the roughest ground. The fields above this sinuous boundary 
show signs of selective grazing by cattle and occasional indication of ancient cultivation. 
The fields below (left of the picture) aU show half or three-quarter chain “ridge and furrow” 
lands, indicating that the soil wash over the Gault Olay automatically effected considerable 
drainage. But from the small size of the fields and the age of the elm trees, which are a feature 
of the hedge-rows on these lower slopes, it is probable that the majority were laid down to 
grass early in the last century. Turning to the Lower Chalk plateau (centre and right of the 
picture), which affords a striking contrast, the large open fields, all under arable cultivation, 
can be easily identified. With the exception of some accumulation of soil wash in a shallow 
depression at the head of the ravines to the south of the area, the soil is extraordinarily 
umform. The effect on the crops of allowing wet farmyard manure to drain into the soil 
beneath the dumps, before it is spread out, is particularly marked on two plots. The intervals 
which have elapsed since some of the other plots have been manured can be roughly gauged 
by the prolonged effect. 

Plate III. 

Orientated from top to bottom roughly north to south. Situated on the escarpment slope 
of the Barton Sand, Bracklesham. Loam and Clay, and Bagshot Sand outcrops. The first, 
which are the highest beds, outcrop to the south-east in the right-hand bottom corner. The 
last only outcrops in the wood and is stocked mainly with oak, birch, and beech, with bracken 
dominant in the ground flora. The greater part of the area pictured is situated on the Brackle- 
sham Loams and Clays, the loams being sandwiched between two plastic clay beds. Locally 
there are relics of Flint Gravel and down- wash of the Barton Pebble Bed and Sand. Wherever 
no great depth of gravel or sand lies over the Upper or Lower Bracklesham Clays, iron pans 
have formed over the clay. They may be of any age and may be classed as geological rather 
than pedological pans. The heath is in course of invasion by ling, which only occurs in its 
bushy form on two or three gravel caps. In this form the ling shows up dark in the photo- 
graph and probably marks the position of open gaps in the old Scots pine forest which was 
cut down during the war. In its creeping form the ling still shows up darker than the Erica 
tetralix, and in flower the two are very easily distinguished by colour when actually seen 
from the air. The distribution of Erica tetralix is mainly confined to the loams and clays, 
either pure or in mixture with MoUnia) but extends also on to the iron pans. The most con- 
tinuous area of iron pan is featured by the shallow parallel drains which show up white in 
the photograph. Of all the species in the ground flora. Erica tetralix alone is at all reliable 
as an mdicator of soil conditions in this area. But even with this species the true nature and 
capacity of the soil may be obscured. In the woodland, where it occurs as a dominant in 
the ground flora on pans, loam, and clay soils, the differences in the soil are clearly marked 
by the tree species and their growth-form. On the clays oak and Spanish chestnut are com- 
mon, and on the loams are associated with very good growth of Scots pine, but on the pans 
the pine is pure and stunted. These last features are not easily distinguished on the photo- 
graph, but using the latter as a map the various crops in the woodland and heath, covering 
in all about a square mile, were delimited and interpreted in four hours. 
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THE VEGETATION OF THK LONGMYND 


By W. LEACH. 


(Wti/i Plates IV and V and three Figures in the Text.) 


Intboduction. 

Since the publication, some years ago, of a mimljer of general accounts of the 
vegetation of various parts of the British Isles, primary survey work in this 
country appears to have fallen more and more into the background. This is 
not due to any depreciation in the importance of primary survey, but rather 
to the fact that the modern tendency is for the ecologist to concentrate on 
problems of a more intensive nature. The fact remains, however, that the 
recorded accounts of British vegetation are still far from complete, and con- 
sequently It would seem inadvisable that this branch of the subject should 
be entirely neglected and left in its present unfinished state. The urgency 
of the matter becomes more and more evident as wc continually see fresh 
tracte of our more or less natural areas brought uiulcr the influence of modern 
developmental schemes. 

The following is a brief account, in the nature of a rceonnaisHanc(', of the 
jongmynd area. This is a hill area of semi-natural vegetation .some 8 miles 
ongand 4 miles broad, and running roughly north and .south near the western 
border of Shropshire (latitude 52“ 30'). The vegetation is uniform in general 
type with that of most of the lower hills of the Welsh border. It also possesses 
a number of features in common with the Heath A.ssociation of the eastern 
moorlands of Yorkshire (2). 

Topography AND GEOLOGY. 

Bongmynd is a plateau whose average altitude is between 1400 ft 
420 m.) and 1500 ft. (450 m.), while the highest point stands at 1696 ft.’ 
(O09 m ) above sea level. The top in general has a gentle slope from west to east, 
with the result that the main drainage is towards the eastern side. That side of 
the hill IS, in consequence, intersected by a number of deep stream valleys, some 
of which have almost cut back to the western edge of the plateau. On the 
western side the streams are smaller and much shorter, and their valleys are 
for the most part shallow. 

Geologically, the Longmynd is composed of rocks of a markedly acidic 
nature. According to Blake (1) they fall into two groups, viz., the older 
eastern ^oup or true Longmyndian which is predominantly grey in colour 
an consists of grey , green, or purple shales and slates interbedded with hard 
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^ These latter consist of massive, but not very constant, beds of conglomerate 
with grit beds, and some subordinate slate (4). Blake (1) classes the grey 
series with the upper part of his Precambrian Monian System and the red 
with his ^^Lower Cambrian Series/’ The beds for the most part dip steeply 
in a westerly direction, in some places being practically vertical, and the rocks 
as a whole are not of a markedly porous nature. 

The chief plant communities of the area. 

Viewed in a broad way, the vegetation of the Longmynd area may be 
assigned to two well-marked plant associations, viz. oak forest and heath. 
The surrounding lowlands show ample indications of having originally sup- 
ported forest of Quefcus wbuf with the usual complicated accompaniment of 
hydrosere communities along the stream courses. Q. rohur as a dominant 
gave place to Q. sessiliflom on the drier and shallower soils of the hill slopes, 
and woodland dominated by this latter species ascended to an altitude of 
from 1200 to 1400 ft. (360 m. to 420 m.). Above this level, it seems likely 
that the forest association gave place to the heath association, which was 
probably largely dominated, as it is now, by Calluna, and again relieved in its 
monotony by related hydrosere communities. 

The lowland forest has, of course, now entirely disappeared, so far as its 
original form is concerned, and its site is occupied chiefly by grazing land. 
Occasional small woods occur, as will be seen on the map (Fig. 1); these 
are mostly of a mixed type, but they usually contain a number of pedunculate 
oaks. The original sessile-oakwoods of the slopes are all gone, but we still 
find numerous isolated trees of this species; also occasional plantations of a 
semi-natural type are to be found there. The slope vegetation, as it exists 
at the present day , is for the most part the result of tree felling and grazing 
by sheep and rabbits. 

The summit heath seems to present the most natural appearance of any 
vegetation in the area, but even this, as will be seen later, must show features 
which difler considerably from those possessed in former days, as a result of 
its being now used as a grouse moor. 

In this account the chief points of interest connected with the vegetation 
of the slopes, of the summit plateau, and of the stream courses will be dealt 
with. The lowlands do not present any relevant features of special ecological 
interest, and do not, strictly speaking, belong to the Longmynd; they will 
not, therefore, be considered further. 

The vegetation of the slopes. 

The most characteristic feature of the slopes of the Longmynd is, almost 
everywhere, the presence of extensive stretches dominated almost entirely 
by bracken. Evidence that the greater part of this bracken-covered area was 
originally the site of a woodland is to be found in the presence of occasional 
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[Q. mmUfima), and of Craiae^s scrab. In geacrai, the wrul) extaii'is 
bgher altitude than the oaks, a fact U'hieb suggest, that originailv it 
d a zone along the upper limit of the oakwcodH as is f]». c,,Ke on 'the 
nes (6). These scrub communities are best seen in the long. «ioen slieh ered 
a on the eastern side of the hill (PL IV, Phot, 1 ). The vegetation of these 
ly valleys presents, in the main, a very oharueteri.stic ap|M-a.ran<-e. On 
i&p sides there is a groimd flora largely comjKised of Pirndiiiw, i heeh,/// «, 
lus, and iestum-Agrostis turf. The Plendimn favours the .«umiy soutln 
slopes, wMe the Vacdnmm m most abundant or dominant on the north- 
slopes.^ Almost everywhere rabbit burrows are abundant and. wheiv 
fe particularly numerous, a close Fes/uca-Agrmtis turf, with or without 
mxture of bracken fronds, usually surround the disturlx-d areas. Asso- 
with this slope vegetationis usually ascnib composed ehieflv of Cmlacq>,s 
IS sessihfl^m, Sorbm amuparia, and Ukx gallil, with occasional trees of 
bmcMa. ’Inhere the sides of the vaUeys are very steep, deniulation mav 
iciently active to bring about the formation of hare, scree-like stretches 
. r^meuts These are usually found to be sparsely colonised by Temrium 
mm Ptendtmn or Vacmmm myrtillus, all of which are rhizomatous 
firmly anchored m the more stable 8ub.soil. As we pass up these valleys 
getation changes, more or less gradually, to that of the summit, heath 
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Fia, 1. Map of the Longmynd showing the more important features of the vegetation. The 
approximate positions from which the photographs illustrating this paper were taken, and 
their directions, are indicated by arrows and numbers. 
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L ' ! ■* “‘S' to human asanay, Th. 

f( rn is m many parte systematically cut and dried by binncrH to form hihlinu 
for cattle. Incidentally this cutting tends to check the growth r.f 11 h‘ bracL'i 

linstres L Lt f were 
j astureas free from bracken, and are now, after a period of netdec’t •i*r.,in 

beeominpapidly overgrown with fern. ^ 'M'ct, . 1^111 

speXTalmos^Unlriabf occurrence of Vkx (jaUU. This 

I cies almost invariably occurs associated with PieriiUum, either as a .sub- 

rdinate species or as a dominant oversmall areas. Where such CTcr-dominated 
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x> .rr/, , “ exposure, and is decidedly stunted in its irmwfh 
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the tw types of rock. Upon what actual properties ofthe substratum this 
distribution of the plant communities depends, it is not ensv to satr A 


mstriDurion oi tue plant communities depends, it is not easy to say. A point 
of some significance is the fact that the soil resulting from the weathering of 
the grit was found to be more acid than that produced by the weathering of 
the slate, the former having a pH 4-2, and the latter pH 5-9. Prom the above 


Pig. 2. View of western slope near southern end of the Longmynd. Q. sessiUfiora and Oalluna 
growing on rock (grit) exposure. Calltina on talus slopes. This photograph is indicated as 
9 on Fig. 1. 


The whole of this western slope is heavily grazed by sheep and, at the 
same time, rabbits are Very numerous. The effects of this grazing are not 
obvious in the Pfendwm-dominated parts; they are, however, clearly seen 
as we pass upwards to the region where Calluna becomes dominant. Here 
occurs the typical degeneration of the Calluna and its replacement by Fesiuca- 
Agrostis turf, a condition very similar to that described by Farrow (3) as 
being brought about by rabbits in Breckland. The net result of this grazing 
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factor in this transition region is that the Calluna, as a definite (lomiiiantj 
iSj in most places, pushed back to a higher altitiwle than, would otherwise 
be the case. Between the CaUuna and the typical slope vegetation there is a 
transition zone in which various degrees of biotic degeneration of Vallu'iui are 
present. In the lower parts of this zone the Ctdluna is largely replaced !.)y 
Fe.Hiuea-AgmMis turf, but higher up, close-cropp<Mi VuceuiiuM may 

be dominant (see PI. IV, Phot, 3). 

A rather interesting phase of this transition region is to be found in the 
small valleys of the western slope. Fig. 3 shows a diagram, which is approxi- 
mately to scale, on which is indicated the typical distribution of plant com- 
mimities in one of these shallow valleys. The actual valley represented in the 
diagram is to be found on the map (Fig. 1) about three miles from the south 
end of the hill, and is marked A, It is also shown in PL IV, Phot. 4. The most 
striking feature of the vegetation of these valleys is the relative distribution 
of Vaceifimm. myrtillm and PteriUmn aqmUnum on the two opposite slopes. 
On the slope which faces north, a community dominated by closely grazed 
Vaecinium extends down to an altitude of about 1100 ft, (330 m.), whereas 
on the opposite side of the valley Ptsridium is dominant right up to the 
OaUtma region. This arrangement of these two communities is repeatedly to 
be met with in the small valleys of the western side, and can be recognised, 
though in a less marked degree, in some of the larger ones on the eastern side 
of the hill. It is interesting to find a similar distribution of Vcmimum and 
Pieridium: described by Elgee as occurring on some hillsides in Yorkshire (2), 
Elgee puts forward the tentative suggestion that it is due to differences in the 
amount of exposure present on the two slopes. The occurrence of this similar 
state of affairs on the Longm 3 md strongly supports the exposure theory. The 
average temperature of the soil is lower on the north-facing slopes than on the 
south-facing slopes, a fact which becomes very obvious when one sees how 
much longer snow lies on the former than on the latter in early spring. A further 
interesting observation on the effect of exposure on the distribution of Pteri- 
dium is described by Praeger ( 7 ). On the hills south of Dublin he finds 
Pteridimn occupying slopes facing east, and Callu?ia occupying corresponding 
slopes facing west. He attributes this distribution to the fact that the PteridiuM 
prefers the slopes that are sheltered from the west winds, and in such positions 
is able to compete successfully with the Ccdluna. It seems likely that, here 
on the Longmynd, we have a somewhat similar case to that described by 
Praeger, except that the grazing factor is of sufficient importance to exclude 
the Calluna and bring about the dominance of Vaecinium* 

Scree vegetation. 

The presence of screes on the slopes of the Longmynd has already been 
mentioned. They are nowhere of sufficient extent to warrant a lengthy treat- 
ment of their vegetation. Where they occur they are comparatively small, 
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and in many places they are fairly obviously of recent appearance, being 
formed by the erosion of slopes that were previously stable and covered with 
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1^10. S. .Uiagram indicating the approximate distribution of the chief plant communities in the 
valley marked ^4 on Kg. 1 . For further description see text. 

vegetation. Frequent examples of recolonisation and stabilisation are to be 
met with, but the plants concerned in these processes are usually rhizomatous 
types such as Pteridium, Teucrium scorodonia and Vaceinium myrtillus. Occa- 
sionally the fern Dryopteris jilix-mas occurs as a talus coloniser, but in general 
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it seeais that lieres owing to insnfficieiicj of atmospheric humidity 5 the suc- 
cession beginiiiiig with bryophytes- and ferns is of rare occurrence ( 5 ). 


' Tub VEGEmTioM of the summit plateau^ 

Passing up the slopes bet^reen the altitudes of 1250 ft. (375 in.) and 1400 ft. 
(420 HI.), we cross the already mentioned transition region in which Vallmm 
makes its appearance, and often is dominant. In this zone, however, the 
■ Ute, and scrub communitieB occur, but only to 

a subordinate extent as compared to the heath vegetation dominated by 
Cattum and Vamimum myrtdUus. Above 1400 ft. (420 m.) is true Callmm 
heath. This summit heath forms a rather monotonous rolling landscape (see 
PI. V, Phot, 5) over. which Calluna is the chief dominant, although repeated 
fi.ring by gamekeepers- causes the vegetation to have- a patchw^ork appearance. 
There are frequent patches in which Pteridiumm present in varying abundance, 
from a sparse occurrence of isolated fronds to complete dominance. As a result 
of this periodic burning, all stages occur, often beginning with complete 
absence of visible living plants, and passing through dominance by Vaemmum 
to dominance by young GaUuna, and finally to deep Calluna, It seems fairly 
obvious that the already mentioned areas "whieh are dominated by Pleridium 
also owT their existence to burning, as where the fire has passed over a rt^gion 
where bracken is present as sparsely arranged fronds, a great increase in the 
abundance of this species always results. 

The type of community that probably approaches the 'hJimax’’ for the 
area is to be found in those places where burning has not recently taken place. 
Here the Calluna occurs as large, dense, somewhat straggling shrubs about 
2 ft. high, the only constant associated flowering plants being VaMmmm 
myrhllua and Beschmwpsia flexuosa. Both of these latter are frequent in 
occurrence, and exist in a somewhat etiolated state in the shade of the Calluna. 
In addition to these there are occasional plants of Lycopodium clavatum, while 
covering the ground beneath the Calluna is a thick mat of Hypnum cupressi- 
forme and H. schreberL This moss carpet is, even in dry w^eather, usually quite 
moist, and must be an active agent in the formation of peat. Also it may 
account for the occasional appearance of Pteridium even in this deep Gcdluna^ 
as, although no prothalli of the fern have so far been observed, it obviously 
provides suitable conditions for the occasional germination of spores of this 
species. 

Two further species of occasional occurrence in this climax®’ heath are 
Vlex gallii and seedlings of Sorbus aucuparia. The gorse appears to be growing 
here more or less under limiting conditions, seldom projecting many inches 
above the general level of the ling, and often forming spreading, flat-topped 
bushes which reach no higher than the ‘‘general vegetation level (8).” 
A noticeable effect of the prevailing westerly winds can be seen in the growth 
form of the Calluna, the stems of which are all more or less inclined towards 
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the east. This easterly trend is most strikingly seen on, those areas wh^re 'deep 
Calluna has just been burnt, leaving only a more or less parallel arrangement 
of charred main shoots, all running from west to east. 

The question arises as to what would be the ultimate type of plant com- 
munity to colonise this summit plateau if the burning factor were entirely 
removed. In connection with this problem the presence of the seedlings of 
rowan may be considered. The repeated burning apparently never allows these 
young trees to grow beyond a height which is more than a few inches above 
the Culluna, The effect of arresting the action of the burning factor so as to 
allow a further development of the rowan can he seen on the Stiperstones, 
which form the next ridge of hills parallel to and to the west of the Longmynd. 
The summit of the Stiperstones, which stands at an altitude of about 1700 ft. 
(610 m.), bears a periodically fired Calluna’-Vaccinium heoith type of vegeta- 
tion, very similar to that on the Longmynd. Near the highest point of the 
hill the vegetation is divided into more or less isolated strips by bare stretches 
of boulder detritus. These stretches of detritus have had the effect of isolating 
certain strips of vegetation from the fires that frequently occur. The result is 
that on these we find an open community of rowan trees with a ground flora 
dominated by CaMuna (see PL V, Phot. 6). Whether, if left undisturbed, the 
rowan would become completely dominant and form a wood casting sufficient 
shade to change the dominance in the ground vegetation from Oalluna to 
Vaccinium myrtillus^ it is difficult to say. This is because no areas so far have 
been met with in which freedom from burning has persisted long enough to 
show the ultimate result. There seems to be sufficient evidence on the Long- 
mynd to show that prolonged freedom from burning would probably, in many 
places, produce a similar rowan community to that on the Stiperstones. This 
tendency of the rowan to establish itself readily on these hills is probably 
connected with the fact that deep peat does not form on their summits, and 
that the bed rock is never far from the surface of the soil. Examinations of 
the peat thickness on the top of the Longmynd showed that it seldom if ever 
exceeds 1 ft., while on the deep Calluna areas the average depth is about 6 in. 
On those areas where signs of recent burning are evident, the peat thickness 
varies from 1 to 4 in. 

A point of interest is the scarcity of birch trees in the Longmynd area. 
This species does not show the usual tendency to establish itself there, either 
on the site of previous oakwoods or on the summit heath. In fact, only one 
example of a birch tree has been seen by the writer on the top of the hill, and 
this stands all by itself near that artificial sheet of water Imown as Wildmoor 
.Pool (see map, Fig. 1). 

A species of tree which is able to exist reasonably well under the con- 
ditions prevailing on top of Longmynd is the beech. Of course it is a planted 
species, and is used to form hedges round a gamekeeper’s cottage known as 
Pole Cottage, which stands at an altitude of 1570 ft. (471 m.) near the highest 
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point of tie Mil (see PL V, Phot. 7). A fnrtlier poin,t of interest shown by this 
photogx&pli is the fact that it is possible to maintain reasonably good pasture 
land on this area which, if left alone^ would pas»s over to heath, like that on 
the rest of the hilltop. 

There is ample evidence to show that, even in prehistoric times, the top 
of Longmynd was the scene of human activities, as a consitlemble nimiber of 
tumuli are present. How far this actually affected the vegetation in those days 
it is impossible to say. We, however, may reasonably conclude that, from 
very early times, occasional burning must have taken place. It is also signi- 
ficant that the ancient road, the Portway, runs along the top of the hill from 
end to end. This was doubtless for the purpose of keeping to the more open, 
and conseq_uently safer, country of the plateau at a time 'when dense forest 
occupied all the surrounding lowlands, 

Stkeam-side veoetatioh. 

Mention has already been made regarding variation in the general character 
of the vegetation due to the presence of streams. This variation shows most 
conspicuously where it occurs on the Cai/wau-dominated parts of the hill top 
(see Pi, V, Phot. 8). On the lower slopes, wdiere the stream-side vegetation is 
usually of the same colour as the surroxmditig plant eommimities, it does not 
produce so striking a contrast. 

The streams running down the sides of the hill do not, in their upper 
courses, cut channels xvhich are much below the general level. The result is 
that there is on either side nearly always a wet zom of a width which varies 
with the gradient of the stream course. The soil of these zones naturally shows 
a gradual increase in water content as the bank of the stream is approached, 
wMch results in a corresponding graduation in the plant species which cover it. 

Usually, whether the steam is traversing the summit callunetum or the 
communities of the slopes, the outer limit of the wet zone is indicated by the 
presence of a Festuea-Agrostis turf with a greater or less admixture of Nmdus 
stficta. As the stream is approached and the soil water content increases, the 
Nardus becomes more abundant, and is associated with other moisture-loving 
species. These form a mixed community with no well-marked dominant, of 
wHch a typical composition is given below: 

Nardus stricta L. f.-a. Prunella vulgaris L. ... o.-l 

Carex flaya L. f.-a. Kanunculua iiammnla L. o.-i 

0. diversicoior Grantz. f.-a. Lotus corniculatus L. ... o.-l 

Anagallis tenella Murr. f.-a. Cniciis palustris Willd. o. 

Jiiucus bulbosus L. ^ f.~a. Drosera rotundifolia L. If. 

Hydrocotyle vulgaris L. f. Mentha aquatiea L. ... f. along edge of 

Myosotis caespitosa Schultz. ... o. water 

Triglochin palustris L. r, Apium nodifionim Reicbl. f. in water 
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palustre, Philonotis, owing to its pale yellow-green colour, is very conspicuous, 
and it frequently forms almost pure fringes to the banks of the streams. 

The streams mostly originate from springs situated near the top of the hill. 
Those which give rise to the streams flowing west are actually on the summit 
plateau, and are surrounded by well marked boggy flush areas. The point 
where the spring emerges is usually marked by a dense growth of Sphagnum 
squarrosum Pars, var., subsquarrosum Russ,, Dicranella squanosa and Poly- 
trichuni commune . In the centre of this moss area there is very often a small 
pool in which Potmmgeton polygonifoUus Pouxr. grows. This species also extends 
into the moss area, where it produces upright aerial leaves. Surrounding these 
flushes is a zone of the Agrostis-N ardus-Car ex turf similar to that which borders 
the stream courses lower down. A point of some interest is that Lotus comicu- 
laius frequently grows in abundance on the Sphagnmn. Immediately below 
one of these springs it is typical to find a broad wet flush area dominated by 
Juncus effusus and bearing also most of the above listed stream-side species. 
This gradually tails ofl as the water collects together to form a definite stream. 

In conclusion, I wish to thank the University of Birmingham Joint Standing 
Committee for Research for a grant towards the expenses incurred in the course 
of this survey, and Dr P. 6. M. Rhodes for help in the identification of some 
of the mosses* 
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■ ON THE PEAT DEPOSITS OF MOINE MHOR 
By CHAELES G. 0. CHESTEES. 
eigM Figure in the Text,) 

Much detailed researcli has been carried out on the identification of remains 
discovered in post- and inter-Glacial peat deposits in the British Isles, Europe 
and North America, and a large amount of data has accumulated with regard 
to^ the correlation of these remains. Attempts have also been made to trace 
the development of woodlands from the fossilised pollen of the peat. The 
general condition of the vegetation during the periods which lie between the 
end of the Glacial time and the end of the Sub- Atlantic tipe (5) has often 
been discussed, but so far no very detailed and systematic investigations have 
been made on the succession of vegetation which developed on the surface 
of the several raised beaches which occur round the western sea-board of 
Britain. 

This paper records the results of a general investigation of the various 
peat strata formed on the surface of the 60-ft. raised beach which surrounds 
the head of Loch Crinan, in Argyllshire, and underlies the moorland of 
Moine Hhor (Fig. 1). A salt marsh has developed on the shoreward side 
of the present beach, and a -gradual transition occurs between the salt marsh 
vegetation and the vegetation of the moorland, so that an investigation of the 
lower layers of the peat resting on the surface of the raised beach might yield 
evidences of any former salt marsh vegetation which was formed on the surface 
of that older beach. 

Davis (3) has studied the peat underlying salt marshes at Boston and has 
shown that, where the peat contains salt marsh plant remains, the species 
present are those that grow near high-tide mark at the present time. 

It is possible that the surface of the raised beach might have been invaded 
directly by a type of moorland or a scrub vegetation, and it has been recorded 
by Lewis (6) that birch, hazel and alder remains were found covering the 
surface of the 25-ft. raised beach in the case of the Moss of Cree (lying between 
Newton Stewart and Wigtown). These were followed, in the higher layers, by 
Sphagnum, Eriophorum and Phmgmites, From evidence furnished by a study 
of other peat mosses he suggests that: ‘‘Interest should attach to an examina- 
tion of any deep peat deposits resting on the 50-ft. raised beach — as we might 
expect to find in that case — the representatives of the Arctic Zone of the 
Merrick Mosses resting on the surface of the beach/’ 

Erdtman (4).has described a peat moss occurring “at the 50-ft. raised 
beach,” about 14 m. above sea level, and north-west of the upper end of Loch 
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On ths Peai Deposits of Moine Mhor 

Before beginning tbe description of the plant remains of the peat, it will 
be of interest to consider briefly the topography and the geological history 
of the area here under consideration. 

Loch Crinan, one of the sea lochs of Argyllshire (Fig. 1), is surroimdcd by 
the wide tract of moorland known locally as Moine Mhor, or the Crinan Moss. 
At one time the whole region, including the Moss, was one largo, almost land- 
locked sea, into which flowed a river now represented by the Eiver Add. The 


promontory on which stands the old village of Crinan (Fig. 3), and the many 
mounds of epidiorite schist which rise from the surface of the Moss, are the 
remnants of islands of that ancient sea (Fig. 2). The flat expanse of Moine 
Mhor breaks the series of hill ranges which are characteristic of this part of 
Argyllshire, and separates the highlands of North Knapdale from those of 
more northern Argyll. 

At present the Eiver Add alone serves to carry the drainage water of these 
Aigyllshixe bilk to the sea, but in late Glacial times the overflow water of 
Loch Awe escaped over the watershed into the Add, due to the damming 


Emotoaite . BBi Epidiorite ana Quautzite. ///// 
IOOfoot Raised Beach . 50 foot Raised Beach. 

Peat OH Raised Beaches. = ~ 


Fia. 2. 


Geological drift-map of Moine Mhor and the Kilmartin Valley. 

the mile Geological Survey map.) 


(Based on the | in. to 
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back of its former exit by ice. At a later date, wken the ice bad somewbat 
retreated, tbe drainage water of tbe Lock escaped tbrongli tbe Oreagantairbli 
Pass (Fig. 1) into the Kilmartin Valley, and, via the course of tbe present 
Kilmartin Burn, joined the River Add (7). Aided by these two distinct 
streams at different periods, the Add appears to have silted up the higher 
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PRESENT LmiT or Sal,tM.ARSW VEGtTATlON. 


Eig. 3. Map of the estuary of the River Add indicating the position of the peat sections examined 
and the approximate limit of salt marsh vegetation at the present time. (Based on the 6 in, 
to the mile Geographical Survey map.) 

portion of the inland sea. Later, the general rise of the west coast of Scotland 
caused the formation of the 100-ft. beach, which passes round the head of 
Moine Mhor and extends upwards into the Kilmartin Valley (Fig. 2). A further 
uplift formed the 50-ft. beach on which the peat of the lower, or seaward part, 
of Moine Mhor has been deposited (Fig. 2). Along the course of the Add the 
50-ft. beach is masked by several river terraces and alluvial deposits, but, 
along the Bellanoch-Kilmartin road, the transition from fine sand on the 
Joum, of Ecology XIX 4 
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60 ■ OnAfm' Peat Deposits of 31ome Mhor 

seaward side of the moor to coarse sand and gravel near the %dllag (3 of Kilmartitij 
can be followed in the variouB sections which have been cut for the excavation 
of peat fnel. / ' 

Boulder clay occnrs below the 50-ft. raised beach and outcrops between 
tide levels in a bay south of Dnntroon Castle (Fig. 2). In this blue-grey clay 
thirty-three species of Mollusca have been identified by Crosskey and Robert- 
son (2) many of which are Arctic or Boreal forms. Its presence below the 5'0-ft. 
beach of Moine Mhor is suggested by numerous exposures along the course 
of the River Add; a particularly good section^ near the farm of Driinvore 
(Fig. 2), shows 10 ft. of horizontally bedded gravel resting on stiff grey boulder 
clay. 

There is a dominance of Nardm strieta and Scirpus caespitosa in the vegeta- 
tion of the central portion of the moorj and they are accompanied by Erica 
einerea^ E, tetralisc^ CallufKi vulparis, Molinm meruleu and various species of 
J uncus; Juncus sqnmrosus covering large tracts of wet^ low-lying ground, 
where it is mainly associated with Sphagnum sp. On the western and eastern 
edge of the moor, and also along the higher reaches of the Add, Myrica gale 
dominates the vegetation and is mainly associated with Calluna and Erica 
tetralix. 

The outcrops of epidiorite schist — with the single exception of Dun Add, 
an old Scottish fortress — are covered by w^’ocdland in which the dominant tree 
is Pinus syhesifis, but in some cases Picea also occurs, along with Beiula, 
Ffaxim(s and Corylus (Fig. 3). The last species is more common in the woods 
near the sea. It is doubtful whether or not these w^oods are natural, and local 
tradition speaks of the pines, at least, having been planted. Along the 
Bellanoch-Kilmartin road two areas of woodland occur on the surface of the 
moor, and consist of a mixed Betula and Alnus scrub with a very few trees 
of Pmus syhestris (Fig. 3)* 


Character of peat of Section A 

Present subsoil ... ... 

Dark brown peat of open and coarse texture 

Dark brown peat of close texture with a band of light brown 
moss peat | in. (1*8 cm.) deep in the centre ... 

Light brown peat of open texture ... ... 

Brown peat of close texture ... ... 

Dark brown peat of very close texture 

Pine black peat ... 

Pine silver sand representing the surface of the 50-ft, 
raised beach 

Total depth 


inches 


The peat examined was collected from two sections used for cutting peats, 
: one, l 3 dng E.N.E. of the old village of Crinan behind one of the wooded 
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mounds; tlie other, about 1| miles N.N,E. of Bellanooh. Tie sections axe 
marked A and B respectively (Fig. 3), and the depth and character of the 
several layers present is given in Tables I and II. ■ ^ 

Table IL 




Depth of layer 

A 

Layer 

Character of peat of Section B 

inches 

cm. 

8 

Present subsoil 

1 

2*5 

7 

Dark brown gritty peat 

3 

7-5 

6 

Dark brown granular peat with a layer of grit separating 
it from 7 ... 

11 

27-5 

5 

Very light brown spongy peat 

2 

5-0 

4 

Light brown peat consisting of an upper layer of open 
texture and a lower layer of close texture 

12 

30-0 

3 

Bark brown peat, the upper layers being laminated 

18 

45-0 

2 

Hard black peat containing 23 per cent, of fine sand 

9 

22-5 

1 

Coarse sand and gravel with worn pebbles — ^representing 
the top of the lO-ft. raised beach 

— 

— 


Total depth 

66 

140-0 


Eepresentative portions of each layer in the two sections, including the 
surface of the raised beach, were cut from fresh surfaces of the peat. Half of 
each portion was macerated in 40 per cent. NaOH for 6 hours. The material 
was then filtered through a perforated porcelain filter, and the filtrate centri- 
fugalised and examined for pollen grains. The larger remains were extracted 
from the solid material on the filter by soaking it in a large volume of water. 


Table IIL 


Layer 

7 

6 


Section A 

Hypnum cupressiforme 
H. cupressiforme 
H. Schreberi 

H. Sdireberi 
Hylocomium squarrosum 
Sphagnum cymbifolium 
Dicranella heteromalla 


2 and 1 


Hypnum Schreberi 
H. cupressiforme 
Plagiothecium denticulatum 
Aulacomnium palustre 
Hone 


Section B 
Hypnum Schreberi 
H. cupressiforme 
H. Schreberi 
Dicranum seoparium 
Sphagnum cymbifolium 
Hylocomium loreum 
Upper layer 
Sphagnum fimbriatum 
S. cymbifolium 
Dicranella heteromalla 
Aulacomnium palustre 
Hylocomium squarrosum 
Lower layer 

Hicraneila heteromalla 
Hylocomium loreum 
Hypnum Schreberi 
H. cupressiforme 
None 


None 

None 


Mosses play an important part in the constitution of the peat of both 
sections, but they occur at a lower level in Section A than in Section B. 

4-2 
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Sphagnum spp. were present in almost every layer along with, otter mosses, 
but they are only recorded from those layers in which both leaves and stems 



Fig. 5. A, Flower of Callunci. B. Anthers of CalhiiKi. C. Fruit of C(i<fex sp. 
Isolated from peat. 


were present, or fragments of complete plants occurred. All the mosses were 
identified by, and classified in accordance with H. M. Dixon’s Student’s Hand- 
book of British Mosses (3rd edition). The mosses present in the various layers 
are indicated in Table III. 
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Ail tie species isolated are ciamcteristio, of either a moorland or woodland 
vegetation of the present time. No clearly marked succession is evident, as, 
for example, from Arctic to more- temperate types, or from mosses charac- 
teristic of damp situations to those of drier. Local variations, such as may be 
encountered in any woodland or moorland, appear to be indicated by the 
occurrence of A ulacomnium palustre, which would indicate a damper situation, 
but there appears no striking variation or interniption of their occurrence 
such as might be expected if a gradual transitio.n from one type of vegetation 
to ano.ther had occurred. 

Few of the phanerogamic remains were in a high state of preservation 
either in the natural peat or in the material left after maceration, and those 
portions extracted were mainly parts of stem, bark, leaves, leaf cuticles,” 
flowers and fruits. The leaves and flowers were most perfectly preserved, and 


0 Imtn. 

j. \ i \ t , 1, 1 

Fig. 6. Separate anthers, and stamen attached to bract, of Betula isolated from peat. 

in some cases were easily identified. The majority of the remains belonged 
either to the Ericaceae, Betula or Myrica. Numerous graminaceous cuticles 
were encountered, and after comparison with living types, as suggested by 
Bandulska (1) in the case of the Fagaceae, it was possible to distinguish 
Oarex, Eriophorum and J uncus cuticles from those of the true grasses (Fig. 4). 
Several flowers of Calluna and isolated anthers of that species (Figs. 5, 
A, B), a group of anthers of Betula (Fig. 6), and a single Garex fruit (Fig. 5 C) 
were obtained. A grass panicle, resembling an opened panicle of Festuea, was 
recovered from one of the higher layers. A systematic table of these remains 
from the two sections is given in Tables IV and V. 

The results stated lead to the conclusion that any succession of vegetation 
which has occurred represents the gradual encroachment of a moorland type 
of vegetation on a birch heath. Eemains of birch trunks have been noted in 
the lower layers of other sections than the two described at about the surface 
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of the raised beacR, and for some 3 ft. above the beach surface. In the material 
examined, many badly decomposed re- 
mains of stems, whose bark resembled 
that of Betula, were dug from layers 3 
and 4; but only in the case of layer 3 
of Section A was it possible to compare 
the wood under the microscope with that 
of present-day birch wood, when it was 
evident that the preserved wood belonged 
to the same species. 

From the evidence of the moss flora 
and that of the higher plant remains, 
the assumption seems justified that Moine 
Mhor has, from very early times, been 
covered with a type of vegetation which 
is essentially similar to that of any 
present lowland moor. The earlier layers 
appear to suggest that the moorland was 
slowly encroaching upon a birch heath 
in which clumps of trees were separated 
by areas of Calluna, more or less ex- 
tensive. Damper periods must have existed 
during the succession, as is suggested 
by the presence of mosses such as 
Sphagnum and Aulacomnium, and by the 
presence of Erica tetralix, Juncus sp. and Fig. 7. Photograph of leaves ptMjica 

, r from peat. Note the characteristic serra- 

Myrica. tion of the apex of the lower leaf. 

Table IV. Section A. 

ZiSiyer Specimens identified 

7 Leaves of Eriophorum, Juncus and Myrica 

6 Stems of Calluna, One fruit of Carex (sp. ?). Leaves of Eriophorum 
and Myrica, and scale leaves of Jujicus 

5 Stems of Myrica. Carex stomata 

4 Stems of Erica tetralix. Leaves of Erica tetralix, Carex and Juncus (spp. ). 
Flowers of Calluna 

3 Stems of Belula and Calluna. Leaves of Myrica (Pig. 7). Remains of 
leaves and stems of (sp.) and a grass. Stamens and bract of 

. Betula 

2 Juncus (sp.) stem and basal leaves 

1 Sand of “raised beach” 


There is no positive indication that the surface of the raised beach has 
ever been covered by salt marsh vegetation, but it appears probable that the 
more central region of the Moine Mhor remained in a marshy condition in its 



the Peat Depositn (if Moine Mhor 

early stages of developmeat, as is suggested by tbe high percentage of sand 
m layer 2 of Section B. The presence of a considerable amount of chitinous 
wa ria strongly suggests that aquatic animals of some type lived iti the 

immediate vicinity of this layer. ' 

Table Y. S^ion i?. 

Speeimeiis kieiitified 

^ epidermigof paiikle rcseinMitig 

h terns of CaHtfwa, Leaves of (ip.) 

^ 3?emaing of leaves represented only by tlieir vascular 

4 Terminal portions of stems of CaMum. Stems and attached leaves of 
iMfcdix, Laav^ and stems of Mgrica* Abundant flowers {jf 
oaltttfw. Leaves and basal portions of stems of Juncim, Bemains 
of a grass cuticle 

^ Bark resembling that of Betuia. Remains of Graminaceous cuticle 

Remains badly preserved — no clear structural features observed 
Sand with considerable amounts of ohitinous material 

k tudy of the fossil pollen of the several layers of the two sections confirms, 

M a g®ii®ra way, the evidence derived from the phanerogamic remains. Pollen 

g ains of BeluU occur in almost every layer of the two sections and, in a large 

m]on y, pollen of the Ericaceae was found in considerable quantities; spores 

noil ^ pollen of grasses were less frequent. The number of 

en grams of Alnus and Gorplus varied somewhat but never reached any 
large value (Mg. 8). 

T ^ «^a,mined by Dr G. Erdtman, to whose kind assistance 

of ^ y ^d^bted for the results stated, give an idea of the character i 

frn ^ content of both" sections. These preparations were made 

ob'Sn^'^^^ from Section B, and in layer 2 the following figures were 

33 polleii grains of Betnla 

« ,, 

^ „ Qorylns 

2 »» „ Ulmus 

1 ,, grain of Ilex 

Tetrads of the Erioaoeae 

Pollen grains of Compositae and grasses 
Spores of Sphagnum (sp.) 

A preparation made from the material of layer 3 yielded: 

40 pollen grains of Betmla 

3 j? „ Ahms 

2 „ Qu&rcus 

^ ^ „ Gorylus 

1 „ grain of Finns 

1 »> „ Ulmus 

i I „ Carpinus (doubtful) 

. »> » an Umbelliferae 

^ >» a Caryophyllaceae 


Tetrads of the Ericaceae 
Pollen grains of grasses 



In layer 7 the following were obtained: 


27 pollen grains of Betula 
3 „ „ Gorylua 

1 „ grain of Pinus 

1 „ „ Alnus 

1 „ „ Salix 

Tetrads of the Ericaceae 
Spores of Sphoffnmn (sp.) 


These results add confirmation to the view expressed above, that the early 

vegetation on the surface of the 60-ft. raised beach must have resembled a 
birch heath, and that during the succession which followed a gradual change 
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Pig. 8. Camera liicida drawings of pollen grains and animal remains from peat. 1, 2. Pollen of 
Alnus. 3, 4, 5, 6 . B-poves oi Sphagnum {s-p.). 7,8. PoUen oi Betula. 9. Pollen of a Composite. 
10-14. Tetrads of the Ericaceae. 15. Pollen of Salix{1). 16-20. Animal remains. 

to a purely moorland type occurred. This may in part have been due to a 
slight climatic change, as vegetation of a birch heath type is still found on the 
sides of the foothills surrounding Moine Mhor, but at several feet above its 
surface. Even if it were suggested that transference of pollen by wind from 
surrounding wooded areas might account for some of the pollen grains found 
in the peat strata, it is impossible that this should have any very serious 
influence on the results, and when the pollen statistics are coupled with the 
occurrence of macroscopic remains, more or less conclusive evidence of a 
wider extension of Betula than at present is indicated. 

The investigation of two sections in such an extensive area of moorland 
cannot be said to yield, in any way, conclusive evidence of the history of the 
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earlv\5a ; f otiier tree.s, was Kstablished at an 

Leimfe) thtr''"’ not support fin; view espr.‘s,sefl },y 

All the results suggest a close comparison between the succession of veueta- 

heToIr Tv' tLu over 

by £dLl m T VT* as recorded 

by Erdtman (4), but without the markedly high frequency of alder pollen. 

. fbe peat deposits over the raised beach at Crinan appear to be of recent 

SaS* “ 'if 1>7 the almost 

w«<. 1 + according to the researches of Erdtman 

Mhor wouliT^^^^^tT*^ Scotland, and its appearance in the peat of Moine 
?oslBrel i'“^^'1 S"' Poat-Boreal. Between early 

in Scotland iTs ^ maximum of Finns pollen occurred, 

i-lTf V ^ absence in others would 

s'h B* ""'iT T 

for “peaf curtiri!/”^f is still going on, and in some of the oldest trenches used 
?rw„ f * nutting fresh layers of very recent origin, containing remains of 
wor^^*^’^ «e<roZ*a:, have been formed over the surface of the old 

by thr^e T V “ ^^“h is covered 

by the present mvestigations, there is no evidence either of the occurrence 

of salt marsh Yesretatioii on th^ snr-faAa +iu^ ra u. „ _ 
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OBSERVATIONS ON THE DOMINANCE OP 
PTERIDOPHYTES ON SOME ST LUCTA SOILS 

By C. W. WAEDLAW. 

{With Plates VI and VII.) 

I. Intbobxjction. 

The island of St Lucia, B.W.I. (latitude 14° N.) is volcanic and mountainous, 
and supports in the interior areas of tropical rain forest. From time to time 
these virgm forests have been cleared for peasant “gardens ” and more recentlv 
lor banana plantations under conditions that inevitably lead to soil deteriora- 
tion (4, 5). After a few years, crop production, in the absence of adequate 
soil conservation, falls off; the land is then completely abandoned and is 
qm<!kly invaded by a rampant secondary flora. Under the humid conditions 
prevaiiing in the mountain gullies and ravines it has been observed that various 
1 teridophyt('K become dominant members of the new plant communities estab- 
Jished on tin- abandoned areas. In this paper a brief account will bo given of 
the changes that have led to this interesting situation. 

II. ViRGIH FOREST LAND. 

In St Lucia the rain forest region consists of broken mountainous country 
with steep hillsides and deep ravines, well watered by a rainfall of 100 in. or 
more per annum. The areas to be discussed, at an elevation of some 400 ft 
have a temperature range of 62°^° F. (3). The virgin forest soils vary ac- 
coxdmg to position and the exposure of the land, but fundamentally they are 
termed by the weathering and accumulation of volcanic materials derived 
tromthe ongmal igneous agglomerates, tufas, breccias and grits (1). According 
to the type of weathering these soft volcanic rocks give rise in situ to red or 
yellow loam-like clay soils, which are further modified by the amount of orcranic 
matter present. “Where the virgin forest remains intact the soils are found to 
be relatively good, being weathered out to a depth of 20-24 in. and well pro- 
vided with organic matter in the top 12 in. The fertility of such soils may be 
attributed to a number of causes, including (a) the profound influence exercised 
by long accumulations and reactions of organic matter, (6) the deep weathering 
o smlace rock materials hj sub-aerial denudation and root activity (c) the 
preservation of the surface soil once it has been built up, by the dense forest 
canopy, and (d) the long cycle of biological activities in which essential minerals 
are roug t up from below and returned to the soil surface by leaf fall and 
the decay of twigs, trunks, flowers and fruits (6). 

The vegetation of the area under discussion is of the tropical rain forest 
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VoL. XiX, Plate V 


Pilot. I. Forest of youiig OyathecL and Cecfopia witli a few banana plants still 
struggling in its midst. The banana plantation was abandoned in 19-6 and the 
photograph taken in 1929. 
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Face p, 61 




1-hot. 2 , Banana overtopped by Cyathea, with Cecropia beginning to form an overhead canopy 


Phot. 3- ^ cernuum and seedlings of Miconia sp. occupying the 

o± a road-cutting of slightly weathered rock in the banana country of St Luda 
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type, and consists of a considerable variety of moderately tall trees covered 
with Hanes, climbers, and epiphytes, with a scanty ground vegetation of 
Pteridophytes, seedlings and occasional bushes and Palms. The general forest 
canopy is provided by soHtary specimens of Mimusops globosa (Balata), 
Hymenaea courbaril, Inga lamina, Andira inemus and Richerea sp., here and 
there penetrated by the loftier trunks of Slonea sp., Nectandra sp. and Bursera 
simaruba. 

Towards the end of 1922 a considerable area of this virgin forest laud was 
opened up for large-scale banana growing. The trees were felled and the logs 
allowed to rot. The herbaceous ground vegetation was burnt or cutlassed and 
the area was planted with bananas. By the end of 1926 the promoting company 
had become bankrupt and the plantations were abandoned. In the meantime, 
high precipitation, rapid and extensive soil erosion and depletion of organic 
matter, coupled with the lack of any adequate system of conservation, led to 
marked soil deterioration. Thus the original fertile forest was, in a relatively 
short time, replaced by a soil greatly inferior in aU respects. In short, in such 
rough and broken country, where even the best soils are not of the first order 
of fertiHty, soil deterioration, in the absence of suitable methods of conserva- 
tion proceeds rapidly, and in the brief space of five years a well-marked series 
of changes may take place. 

III. The establishment of a secondary flora. 

When the writer first visited St Lucia in 1928, the banana lands had been 
abandoned for two years. During that time a secondary flora, quite distinct 
in character from the original primary forest, had invaded the plantations and 
was in open competition with the Gros Michel banana for the land. The banana, 
which requires good conditions to flourish, was reduced in stature and rate of 
growth as the result of the degraded condition of the soil and was quickly being 
outstripped by a rampant “weed ” population less exactiug in its requirements. 
The dominant members of this new flora which had made its appearance were 
CyatJiea sp. (probably C. caribea), Cecropia pcdmata (trumpet tree) and Sciado- 
phyllum sp. (an AraUad), among those with tree-Hke habit, and species of 
Miconia and Peperomia among the bush forms. Together with the remaining 
Gros Michel banana plants these constituted a dense impassable vegetation on 
the steep hillsides where originally orderly plantations had been estabHshed. 
In 1928 the tree ferns were more or less of equal stature with the bananas while 
Cecropia and Sciadophyllum rose a few feet above the general level of the 
vegetation. In 1929 the two latter species had grown, in some areas, almost 
to tree-like stature, while the tree-ferns were beginning to overtop the bananas 
(Pis. VI and VII, Phots. 1 and 2). On some hillsides the spreading banana 
foHage was stiU relatively conspicuous, but elsewhere it had been overgrown 
and obliterated and the plants were slowly becoming attenuated as the over- 
head canopy of secondary vegetation increased. 
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IV. Fern specsies as dominant members op a plant co.mmunity. 
From a study of these derelict banana lands and of peasant “mirdenR” 

h “volt tT '■‘“‘•fr’’ “ .lomonita,..,, 

tL!+l A-* condition do<«.s not take piaee and 

that the invading secondary bush remains established for a very ronsider- 

wtSng ti) i"»“ ty 

do 'CLlo '-T''"'' 

■B’rr.rv, +1... • lx i ^ ^ spp., m the new community 

From the agncultorel point oj view the oompoeition of the invadiniZed 

^pulation n, mdonbtedly indicative of soil of in.Iiffercnt quality. The , 0 ^ 

tey a™ flomahes ^uee it consists of plants oharaotorilic of waste places 

w» &md thS n“ r “■3™'”“'*’'' By standing these observations it 
found that the mvading weed population included species which are the 

fat to popukfe shghtly weathered PKik surfaces, land-slide a™, " uUv 

mded cpen hi Isides, and toad cuttings. Thus the rock faces exposed bv^he 

deep mad cuttings in St Lucia „e, in the humid inland reaiJClaaM 
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played in the population of abandoned cultivated lands and on rock soils 

exposed by cuttings and land slides. 

With regard to the prevalence of ferns in the West Indies, Warming (7) 
observes: “On several of the more raised West Indian islands, for instance on 
Jamaica, which is extraordinarily rich in ferns, one finds on the mountains at 
a certam altitude, namely, in the cloud belt, a vegetation that may be termed 
fern-forest and mcludes' such forms as Cyathea and AlsophOa ; this possibly gives 
us a blurred picture of one of the most ancient types of vegetation.” In the 
virgin forests adjacent to the abandoned banana lands in St Lucia, the distri- 
bution of tree ferns would be more correctly described as occasional rather than 
as abundant. When a reproductive frond of species such as Cyathea Unem or 
. Canbea reaches maturity, however, the number of spores liberated is 
enormous, while the distribution of plants over the abandoned areas testifies 
to the success with which the spores are dispersed. Given the amply moist 
conditions which prevail in the ravines and steep hillsides, young plants are 
successfully established in large numbers. By reason of the impoverished con- 
dition of the soil, actively growing competitors, whose luxuriant growth might 
otherwise smother the young plants, are eliminated, so that Cyathea, with its 
modest requirements and a root system physiologically adaptable, is enabled 
to take a pronunent place among other plants in the repopulation of the 
abandoned areas. 
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THE BIRD POPULATION OP A SETTLED VALLEY IN 
THE WEST USAMBARAS, TANGANYIKA TERRITORY 


By R. E. and W. M; MOREAU 


Introductory. 

After our ornithological work had been confined for more than twelve months 
to the unusually interesting, but correspondingly difficult, evergreen rain 
forest round Amani, in the East Usambaras, the openness of the mountain 
coimtry between Lushoto and Sakkarani, in the West Usambaras, came as a 
welcome change. Over an area approximately 15 miles in diameter the forest, 
which is said to have been continuous throughout the whole moxmtain-mass 
within living memory, has been cleared so completely that in a wide perspec- 
tive it is frequently impossible to point to a single surviving tree. Large 
candelabra Euphorbias are a striking feature of the landscape. The annual 
rainfall has been reduced to less than 50 inches, and most of the cleared 
ground is devoid of permanent cover of any description. Once the gorge by 
which the mountains are entered from Mombo has been climbed, cultivation, 
apparently in annual alternations of crop and fallow, is practically continuous 
except where the hillsides break into cliffs. In most of the valleys there are 
permanent trickles of water a few inches or feet wide. Channels are led off 
from them to provide a certain amount of primitive irrigation. Where they 
are left to themselves and there is no pronounced gradient, those little 
streams carry a heavy growth of fl,owering rush (Cypems). Not infrequently 
narrow strips of bush, approximating to hedgerows, line the paths. 

Finding ourselves settled for a part of September 1929 in a valley about 
8 miles from Lushoto, we were encouraged by the natural conditions to thiulr 
that it might be possible not only to work out the species of birds inhabiting 
the valley, but also to form a trustworthy estimate of the number of individuals 
of each species. This paper deals with our results. 

Topographical. 

The Kongei Valley is roughly in the shape of a bowl tilted down towards 
the south, with its lowest point about 4000 feet above sea-level. The soil 
varies in colour from brightest red through a variety of reds and browns to 
almost black in the most heavily cultivated land. The milkiness of the streams 
probably indicates a whitish clay subsoil in places. Outcropping rock appears 
to be gneiss. 

The chief natural entrance of the valley is at the lowest point, by a bottle- 
neck between slopes about 100 feet high. These rise as they open out till, on 
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tlic norfcli, their tops are at least 700 feet above Kongei, with patches of vertical 
cliff. Two Eiiropean farms, about 25 years old, are situated in the valley. 
Together they occupy roughly a circular area of about 300 acres, the boundary 
of which runs along the top of the valley wall where it is lowest and maintains 
approximately the same level throughout its circumference. A little stream 
between steep banks bisects the valley and swampy patches occur elsewhere. 
The plant communities in the Kongei Valley differ markedly from those 
of the surrounding country and they are described in detail in a later 
section. 

For our purpose the boundary of the combined farms was conveniently 
distinctive and also formed quite a good natural boundary. Where it did not 
run along the crest of a ridge, it was clearly marked by a native path and 
bordered on the outside by native cultivation. Whatever they may be at other 
seasons, these sharnbas, where the mealies had just been reaped or the ground 
hoed up in preparation for the next crop, were comparatively thinly populated 
with birds. The area of the farms formed, therefore, a well-defined natural 
unit. There was, however, one objection to the retention of the farm boundary 
as our boundary, namely, that part of it was lined with a row of trees. As 
E. M. Nicholson has pointed out, anything Kke a hedge, so far from acting as 
a natural boundary in respect of birds, presents itself to them as a highway 
and a base of operations. 

Methods. 

We are aware that the most satisfactory season at which to determine the 
number of birds ^carried” by any given area is when breeding is at its height, 
and the birds are in consequence more definitely localised than at any other 
time. We were not free agents in our choice of the date to visit Kongei, but it 
is doubtful if in any case we could have chosen a much better period of the 
year. Field work of any description is next to impossible in the rains.’’ Of 
East Africa as a. whole it has been stated that breeding seasons generally are 
dependent on the ^^rains,” but they are much less defined than in the Tem- 
perate Zones. In the Usambaras the greater part of the annual rainfall is 
recorded in two periods, between the end of March and the beginning of June, 
and between the end of October and the end of November. At Kongei in 
September an appreciable proportion of the birds were engaged in some phase 
of breeding activity. The loud song and pugnacity connected in the Temperate 
Zone with territory holding were little in evidence however, and we have yet 
to gain a clear idea of what part this element of bird-behaviour plays amonst 
tropical birds. ’ 

Having approximately fixed the local habitations” of the more sedentary 
species, our plan of work was to divide the area into segments and work each 
segment on different days and at different times of the day, counting the 
numbers of each species seen. The average of the numbers so recorded should 
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give a fair approximation to the- regular population of eacb segment; and the 
total of the segments a good idea of the population of the whole vall«‘y. 

In one respect we have failed; for the bush arejis we can give no iigiires 
that are worth putting down. Such birds as Priiiias and Oistie^jlas nrc' so 
fugitive that several observers working simultaneously wmitl In* iieecle<H-o 
give good results. It was possible to walk through a patch on out* oecasimi 
without raising a twitter or a wing; and on another the? plact^ would la* eui- 
barrassingiy full of small and restless life. The small area of iinpeiietiable 
^Tlosed Bush;’ remained an imperfectly known country to the end of our 
stay, as regards even the species it harboured, 

. Types of vegetation. 

x4.t the time of our census the area of 300 acres, was occupied by the types 
detailed below, approximately in the proportions indicated. 

Type 1. . Grassland, 150 acres. 

Keseinbling mountain grassland and composed of a. pur(‘ stand oi; perennial 
grasses kept closely cropped by farm stock. Weeds or the flowering litaids of 
grasses were entirely absent, except where this grassland merged on its boidcirs 
into Type 3a. 

One part of this area was sparsely dotted with small acacia trees, iiidicatiiig 
vestiges of a parkland formation. 

Type 2. The area that had been subjected to European cultivation sub- 
divided as follows : 

Type 2a. Areas planted with trees, 2 acres. 

Grevillea robusta and Eucalyptus had been planted as shelter belts, and 
round the farms there were small orchards of peaches and oranges and a 
single clump of bamboos. In addition, there was a patch of neglected, black 
wattle, Acacia decurrens, and along a mile and three-quarters of road Castmrim 
and Grevillea robusta (in flower) formed avenues in a single row on either side. 

Type 26, Market-garden crops, 24 acres. 

Highly cultivated ground carrying vegetables and potatoes, devoid of 
trees, 

/Type 2c. Freshly ploughed land, 25 acres. 

Type 2i. Cereals, consisting of maize recently harvested, 20 acres, and 
barley and rye, nearly ripe, 10 acres. 

Type 3. Bush formation, apparently consequent on the influence of man. 
It is divisible into the following; 

Type 3a. An open bush formation (60 acres) in a transient stage, composed 
of sufeutescent herbs up to 3 or 4 feet high, and confined to the steeper slopes 
towards the rim of the area studied. The grassland (Type 1) tended to merge 
into it. It had apparently established itself on land that had been under 
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cultivation during tlie last few years. The characteristic plants of this type 
were: 

Shrubs: Rumex maderensis Lowe (“Sorrel”); Gassia didymobotrya Fres. 

Suffrutescent herbs : Solanum ^andumeforme Drege ; Ahutilon indicwn Don. ; 
Artemisia a^ra Jacq. (“Wormwood”); Psiadia arabica Jaub.; Venionia 

iodocalyx 0. Hoffm, 

Herbs: Kalanchoe lanceolata Pers. (''Life Plant’’); Aspilia abyssinica 01i\^ 
and Hiern. ; Ethulia conyzoides L. (a characteristic weed in certain cultivated 
areas) ; RhampMcarpa tuberosa Benth. (a semi-parasitic plant on the roots of 
grasses). 

Type 3 h. Closed bush formation in a sub-climax stage, composed of shrubs 
up to 7 feet high and covering an area of 2 acres on a very steep slope. It was 
understood not to have been disturbed for at least 20 years. The border of 
this type and the grassland was clean-cut; and 36 nowhere came into direct 
contact with or merged into Type 3 a. 

Type 4. A swamp formation in which the dominant plant was a 6-8 feet 
tall Cyperus occurring in the stream bed and in isolated patches elsewhere. 

Type 5. Fringing vegetation, open bush, similar in composition to Type 3 a, 
and a few trees, none of great height, clothed the rough and steep banks of 
the rill bisecting the grassland (Type 1) for about 300 yards. It was only a 
few feet wide. 

For identifications of the plants and for assistance in describing the above 
types we are much indebted to Mr P. J. Greenway, Botanist at the E.A.A.R.S., 
Amani. 

The animal association. 

Of wild animals nothing larger than porcupines, hyraxes, mongooses and 
rats is stated to occur in the valley. The two European farms carry about a 
hundred head of cattle, a few sheep and donkeys, and about fifty pigs, ail of 
which spend the horns of daylight grazing out of doors. 

At the time of our visit lepidoptera were very scarce, mosquitoes and house- 
flies practically non-existent. In fact no pests except ticks made themselves 
apparent. Small grasshoppers abounded in the grassland. 

The bikes. 

The names given below and their order follow the 8y sterna Avium Ethio-^ 
picamm so far as possible. Part ii not yet having reached us. No collecting 
was done. Trinomials where inserted are based either on analogy with speci- 
mens collected at Amani (which is less than 30 miles away) or on presumption, 
in cases where that is overwhelmingly strong on geographical grounds. The 
field-notes reproduced below are confined to those tending to throw light on the 
ecological status of each species. We should perhaps state that our experience 
at Amani has given us a reliable knowledge of the local birds in the field. 
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The following birds were found wifchdn our area : 

L If (Wagi.)* AfricMi dwarf bittern. 

A single record ia swamp. 

2. Mihm migmm par€mtm (Baud.). African biaek Mte. 

Single birds occasionally seen soaring over. 

*, LopImMm occipiMis (Baud.). Long-cresfccMi bawk-eaglo. 

A single bird was resident in the valley, 

4. Astur UcMm sparsmfmciaim (Rchw.). East African goshawk. 

A pair were nesting on a ledge in the crags only a few yards outside our l)oimdary, and 
the hen w^as sitting hard. They made remarkably few appearances over the valley. 

5. Cotumix delegorgmi (Beleg.). Harlequin quad. 

Observed only in giTissIand and cereals, never in bush. Estimated twenty birds. 

6. Mmmcomx flapirostra (Swains.). Black crake. 

One pair in swamp. Beyond our boundaries they were so common that there appe.ared 
to be a bird to every 100 yards of reedy stream. 

7. Actitis hypoIeuGOS (Linn.). Common sandpiper. 

One to three birds each day. They are said to occur at Kongei in all months of tln^ year. 

8. 8trepfd>peUa seniitorqmkz aemiiorqnata. Red-eyed dove. 

Two pairs. Usu^iUy seen in the fringing vegetation and the trees round tlie farms, 

9. Strepfopelia capimla. Ring-necked dove. 

One pair. Distribution as the preceding. 

10. Tympanwtfm tymparmtrm frmeri (Bp.). Tambourine dort‘. 

Two pairs. 

11. Vifia^o wahejiddii mthefiddii (Sharpe). Wakefield’s green pigeon. 

Three once seen. Mot resident. 

12. Gentropua svpercilioma. White-browed coiioaL 

Two pairs in open bush; a third pair were beginning a n«t — largely of the sheaths, of 
maize-eobs—a few feet above the ground in the bamboo clump. This pair worked only in 
the morning and spent their day in the fringing vegetation. 

13. Lophoceros erythrorhyncdius erythrorhymhus (Temm.). Red-beaked hornbill. 

Once seen. This biid is non-resident, and a visitor occasional enough to be called by the loca 
Wa-Shambara the “ Mdegeya Habari,” the News-bird, and regarded as the forerunner of a guest. 

14. Micropus apus apm (Linn.). Common swift. 

A single bird on September 15th, and large numbers on several afternoons from Sep- 
tember 19th onw^ards. They always made themselves apparent about four in the afternoon, 
but we have no reason to suppose they were present during the day. We have no hesitation 
in regarding these very large dark swifts as European birds on migration (cf . Meinertzhagen’s 
record, Ibis, 1922, p. 36, of a large iock at Korogwe, only a few miles from Kongei, on 
September 3rd). 

15. Micropm caffer strmhelii (HartL). Abyssinian white-rumped swift. 

Four birds which only appeared for about half an hour at sunset and apparently spent 
the rest of the 24 hours in two retort-shaped mud nests presumed to have been built by 
Hirundo puella. 

16. Colms striatus affinia (Shelley). East Coast speckled mousebird or coiy. 

Probably about forty-eight individuals. They inhabited the avenues and orchards and 
made occasional excursions into the open bush. They were practically always in small 
parties of not more than half a dozen. A few birds were beginning to collect nesting-materials. 
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17. Trachyphonous millantii suahelicus (Rchw.). East African Levaillant’s barbet. 

A single pair. These bizarre birds divided their time between the trees of the fringing 
vegetation and those surrounding Kongei farm-house. The male “sang” throughout the 
hours of daylight and about September 22nd his mate began to sit in a hole in a tree. 

18. Dendropicos lafresnayi hartlwuhii (Malh.). Greenbacked cardinal woodpecker. 

Apparently only a single pair, which ranged through all the trees. 

19. Hirund'O smithii smithii (Leach). Wire-tailed swallow. 

A pair round one farm-house and another pair with two young just out of the nest on the 
other, 

[20. Hirundo puella unitatis (ScL). Striped-breasted swallow. 

Two retort-nests occupied by swifts (if. c. struehelii, cp. No. 15) appeared to belong to this 
species, although they were not quite typical, in that they were stuck on the wall back to back. 

We never saw a pmlh at Kongei, but our experience at Amani has led us to regard this 
species as a well-marked seasonal migrant absent from the Usambaras from July to the end 
of September.] 

21. Miparia fuUgula rufigula (Fsch. and Rchw.). Brown-throated rock martin. 

Four pairs, each with two young in the nest, round one farm; no occupied nests round the 
other. Erom the numbers seen on the wing at once, the total fully-fledged Biparia population 
of the valley must ha-ve been about a score. 

22. Biparia riparia riparia (lAmi.). Common sand martin. 

Three, apparently European, sand martins appeared on September 29th. 

23. Eirundo monteiri (HartL). Giant swallow. 

There were several present every day haw^king over the grassland or perching, as is their 
habit, on the branches of the same small tree. Average number present, 8. 

24. Alseonax minimus roehli. Forest flycatcher. 

Six birds noted, mostly in the closed bush. 

25. Platysteira peltata peltata (Sund.). Elilimanjaro wattle-eyed flycatcher. 

Two pairs; confined to the orchard and the closed bush, respectively. 

26. Laniarius ferrngineus suhlacteus (Less.). Black- winged pied shrike. 

Two pairs in the closed bush and thicker open bush. They w^ere heard very much more 
than they were seen, the male with his loud high-pitched double beU-note and the female 
uttering in antiphony a deep growling groan. The latter takes up her cue so perfectly in 
time that it is difficult to realise that the whole performance is not the ivork of a single bud. 

27. Bryoscopus cuhla hamata (HartL). East African puff-backed shrike. 

One pair in the closed bush. 

28. Fiscus collaris humeralis (Stanley), i^byssinian fiscal shrilce. 

A strongly dominant species represented by thu‘ty-two birds, the majority of them paired. 

They were based on the avenues and on the isolated trees from which thej?' hawked down 
onto the grassland or into the market-garden crops. They made excursions into the open 
bush but shunned the closed bush, presumably because they are ground-feeders. Both a 
vantage-point of some sort and ground clear of undergrowth are evidently necessities for 
this species, but in the grassland even a thorn-shoot 6 inches high met the first requirement. 

To a small extent this bird impales its prey and it appears to concentrate on grasshoppers. 

Two nests with young in the last week in September, both in low' acacias in the grassland. 

29. Corvus scapulatus (Daud.). White-bellied raven. 

Only once seen. Experience at Amani inclines us to think that this and the next species 
are mutually exclusive. 

30. Corvus albicoUis (Lath.). White-pecked raven. 

A pair, probably resident on the remoter crags, were a scourge to the poultry. 
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31. Ofiohis or loins ormlrn (Linn.). European golden oriole. 

A floi'k of eight males passed over on September 11th. 

32. Orhhis larmiiis Buhs]).). Black-headed oriole. 

One pair in the shelter belt. 

33. liuphoja erythrorhymha (Stanley). Bed-billed oxpecker. 

The THimher of these birds that seemed to find sustenance in the valky was extraordinary. 
They appeared, to rely wdiolly on what they could find on tlie bodies of the stock and %ve 
never saw them foraging on the ground, yet an average niiral>er of twenty-one of these large 
birds ivere in constant attendance on the hundred head of cattle, supplemented by the fc'vr 
sheep, pigs, and donkeys, that the valley contained. We have counted as many as tliirty- 
eight oxpeekers on sixty head of stock. The local veter,mary authorities regard these birds 
as an unmitigated pest. It is stated that they pay little attention to any parasites the cattle 
may be harbouring, but concentrate on wmunds and sustain themselves mainly on the raw 
tissue of the animals. It appears however that a detailed investigation into the food of 
oxpeekers in East Africa remains to be made. 

A split in an outcrop of rock in the middle of the grassland contained two young hatched 
September 10th. Five days later they had disappeared. On September 29th three more 
eggs had been laid on the same mass of hair and wool. 

34. PhoUdmiges mrremixi (Finsch. and HartL). White-breasted purple staiiiiig. 

Once seen in the orchard. 

35. Otyphantfis reudiemwi (Fschr.). Beichenow’s black and yellow weaver. 

Seventeen pairs, one with two young on the wing. The other ])a-irs practically all had 
nests, often more than one, and most of them still green. The luirnber of fresh nests visible 
is no guide to the mmilier of birds present. TliehC, like some other wavers, appear to build 
nest after nesl, just as some women knit unnecvssa-ry garments. One ].ia.ir built three nests 
in the same tree in a fortnight. 

All these seventeen pairs were strictly sedentary, living in the avenues and the trees in 
the fringing vegetation with excursions into tlie open bush. It is possible that these birds 
were ‘‘bolding territory.” Their rasping chirp of challenge was regularly encountered at 
almost the same spots. All the nests w^ere at least 10 feet from the ground, 'which w^oiild 
seem to rule out the open bush as a breeding habitat. 

This weaver has a catholic taste in food; stomachs examined at Amani have contained 
maize, cinnamon berries and insects. They are partial to ants. 

36. Hyplianhirgus ocuhniis suahelicus (Neum.). East African spectacled w^'eaver. 

Five pairs; three nests located within 8 feet of the ground in the orchard, the fringing 
^ vegetation and open bush. 

In this species, also, insects are freely taken as w^eU as grain. 

37. XmiiJwpMlus aureoflaims (Smith). Browm-faced olive-golden weaver. 

It -was surprising to find this weaver, which m the Vogel Afrikas (1905) is regarded as 
a close associate of coconut palms, the commonest species at Kongei, wliich is many miles 
from any coconuts. At least sixteen x'>arties averaging ten birds each of all sexes and ages 
inhabited the valley, based on the trees, especially the avenues, from wdiich they made ex- 
cursions into the open bush. It is a remarkable fact that they paid practically no attention to 
the ripe barley and the rii)eniag rye; although it waxs affirmed to us that in a previous year half 
a crop of wheat had been destroyed by “ these yellow* birds.” It seems possible that the beard 
on the barley and rye may deter them. About a dozen very fresh green nests were located. 

[38. Amhlyospiza alhifrons unicolor (Fschr. and Bchw.). Black swamp weaver. 

Four nests of the year in an isolated patch of Cypp'us about 6 yards in diameter. The 
absence of the owners is in accordance mth seasonal movements observed at x4mani.] 
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39. Spenmstes nigriceps (Ca^s.). Brown«backed manikin. 

Two small parties of about ten each in open bush. 

40. Hypochera (1 sp.). Blue-black finch. 

In open bush. 

41. Goccopygia melcmotis kilimensis (Sharpe). Grey-headed grass finch. 

Two pairs, one building, in open bush. 

42. Estrilda astrild minor. Red-eyebrowed grass finch. 

Parties of a dozen or more not uncommon in the open bush and also on the standing 
maize stalks from which the cobs had been plucked. 

43. Sorella emini (HartL). Chestnut sparrow. 

One pair of what ajipeared to be this species in the closed bush. 

44. Poliospiza striolata, affinis (Richm.). Southern streaky serin. 

Occurred in the open bush in small parties. 

45. Spinus citrinelloides hypostictus. Streaky green serin. 

Not uncommon in the open bush. 

46. Emberiza major (Cab.). Yellow-breasted bunting. 

We are not clear about the status of these birds in the valley. Two pairs were noted on 
September 19th, but it is doubtful if w^e should have missed such conspicuous bii’ds for 
10 days had they been resident — as they are at x4mani. 

47. (? sp.). Pipit. 

Two birds seen only on September 18th had the air of being migrants. 

48. Pycnonotus tricolor mionis (Oberholser). Yellow- vented bulbul. 

A very flourishing species. The probable number inhabiting the valley was eighty. They 
were based on the orchard and avenues, making excursions into the open bush. 

49. Zosterops flavilateralis (Rchw.). Coast pale white eye. 

Itinerant flocks of as many as forty birds were occasionally met mth. 

50. Zosterops massaica (van Som.). Teita white eye. 

One bird corresponding to the description of this species in closed bush. 

51. Cmnyris bifasciaMis microrhynchus (Shelley). Little red-banded black sunbird. 

One pair in open bush. 

52. Ginnyris gutturalis inaestimata (Hart.). Red-breasted sunbird. 

Four pairs, two of which were incubating. They divided their time between the orchard 
and the fringing vegetation. 

53. Ginnyris mediocris usambarictis (Grote). Olive-bellied sunbird. 

Thi’ee pairs in open bush; one nest with eggs. 

54. Anthreptes collaris eladiior (Mearns). Little yellow-bellied sunbiid. 

One pair in the closed bush. 

55. Pams fringiUinus (Rchw.). Large bufi-breasted tit. 

Once seen in the trees of the shelter-belt. 

56. Gisticola erytlirops sylvia. Rufous-beUied fan-tailed warbler. 

Not uncommon in the open bush. 

57. Apalis (? cinerea) (Sharpe). Grey forest warbler. 

One bird apparently of this species in the closed bush. 

68. Prinia mistacea wmintabilis {tenella) (Cab.). Coastal vnen warbler. 

Not uncommon in the open bush. 
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50. ikateropm jimiineihfpoBtmitiS {Qlih, md’EiQhw,). Babbler. 

Six birds observed iii open bush, A pair were incubating in a nest Just out-side our boundary. 

60, ihssi^pka heuglini intermedm (Cab,). Coastal white-strii.>e(i cossypha. 

At least six birds in the valley. Confined to the orchard £ind the o|>eii bush. The startling 
passiona-te song was uttered for only a few minutes at dawn and after sunset; and froin the 
increase in volume towards the end of September the birtis were preHuinably preparing to 
breed. 

61, Bmdfpterm {1 sp.). Swamp 'warbler. 

One in swamp. 

62, Saxicoh iorqimfm €mMaris (Shelley). Bast African stone chat. 

.One pair in open bush. 

In addition, the following species were observed just outside our boundary; 

Tiiracus Iiartlmibi (Fschr. and Rclnv.). Blue-crested plantain eater. 

Thamnolma stihmfipenms (Rchw.). Rnfous-beliied mountain chat. 

Thhia serena (Linn.). Common pied whydah. 

A single specimen only in each case. 

2'IoktdUa agnimj) (Dumont). x4frican pied ^vagtail. 

A fanii,!y party. 

Summary and .discussion. 

1. Sixty-two .species in all were recorded within the valley, of which twelve 
cannot bo regarded as in any sense residents. Of the r..*,sideut species those for 
which we are able to give statistics are represented by about. 550 (548) 
individuals in all. We think that, for the species it concerns, this is a reliable 
figure. Jinking a generous allowance for the number of migrants and of itin- 
erant birds (such as Zosteropsjlaiilatemlis) supported by our area at any given 
time, and of those bush-dwelling species for which we have not been able to 
get statistics, we arrive at a density of population of the order of three birds 
to the acre at the outside, taking the area as a whole. 

2. It may be interesting to compare this result with the following figures 
quoted by Nicholson {Hmv Birds Live, 1927, App. 3), for breeding, or at any 
rate settled, bird populations. 

Area in 


Locality 

acres 

U.S.A. 

No. of birds 

No. per acre 

Pemisylvama ... 

640 

About 1170 ' 

About 1*83 

Illinois ... 

640 

„ 600’^ 

„ 0-90 

North-east: Woodlands! 

100 

„ 350 

„ 3*50 

North-east: Barms! 

100 

„ 238 

„ 2*38 

Washington, I),G. (Suburban estate) 

5 

ENGLAND 

„ 270 

„ 54-00 

Kent ... ... 

5120 

„ 3300 

„ 0*67 

Kent ' ... 

2560 

„ 1560 

0-60 

New Forest, H'ants,! • 

11 



.. 21*00 

Hasiemere, Surrey 

* Aboriginal species only. 

40 

,, 290 ,, 7*25 

adults (reared 

453 young) 

! To be accepted with caution. 

1 Xius was an island site, copse and arable entirely surrounded by open heath, and the ' 
found much, if not most, of their food outside the 11 acre area. 


n 
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It is unfortunate that no reliable published figures are available for 
exactly comparable '' mixed farm ” land in the Temperate Zone. Mr Nicholson 
tells us that he considers a density of ‘'one to two birds per acre” approxi- 
mately normal for farm lands in Western Europe. 

3. The Kongei figure of three birds to the acre conceals a great difierence 
in density within the area itself. More than half the 300 acres was ornitho- 
logically almost a desert. The 150 acres of grassland, which as will be seen from 
the description is singularly homogeneous, devoid of weeds and cropped short, 
supported (a) directly, part of the twenty quail, (b) indirectly, twenty-one 
oxpeckers, (c) partially, thirty-two fiscal shrikes; equivalent in total to not 
more than one bird to three acres. The 30 acres of cereals, however attractive it 
might be at other seasons, or under other crops, can only be credited with 
supporting, at the time of our study, a few quail, and attracting a slight amount 
of attention from Xanthophilus aureojlavus and Estrilda. On the 25 acres of 
freshly ploughed land Ave never saw a bird feeding except a single Centropus. 
Again, the 24 acres under market-garden crops were remarkably devoid of 
bird-life. In England half-a-dozen species would have resorted to them at any 
season of the year. At Kongei they seemed to attract nothing but the fiscal 
shrikes, and, to a very limited extent, the bulbuls. It is possible that this may 
be due in part to the aggressiveness of the shrikes, which in our own garden at 
Amani tend to drive away other birds. On the other hand, the orchards, 
shelter belts and avenues teemed with birds, while the fringing vegetation 
assumed for the birds an importance out of all proportion to its insignificant 
area. The bush occupied an intermediate position, being much more populated 
than the grassland, cornland, market-garden and plough, but less so than the 
areas carrying trees. 

Generally speaking, the impression gained was that the bird population 
of the valley would have been a great deal poorer in numbers if introduced 
trees had been absent. We were unable to do any quantitative work on the 
typical native-farmed areas surrounding Kongei, but there is no doubt that 
the five most numerous species in our valley, which together made up nearly 
half its entire population (Xanthophilus aureoflavus, 160 birds; bulbuls, 80; 
colies, 50; Othyphantes reichenowi, 34; fiscal shrikes, 32) were not nearly so 
much in evidence elseAvhere in the district. 

Considering the list of species qualitatively, we have been struck by the 
remarkable omissions. There are no drongos (Dicrurus)^ nor dry-feeding king- 
fishers (e.g. Halcyon albiventris), both of which are characteristic of the 
clearings at Amani ; no bee-eaters, no starlings (excepting the specialised ox- 
peckers), both of which are usually Avell represented in dry areas; no wagtails, 
which might have been expected to be well provided for by the water-coiuses, 
the cattle and the vegetable patches. 

We are tempted to suggest that the adaptation of the bird population to 
the changed conditions in the valley (and in the surrounding cleared areas) has 
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boon inrperfeet, with the result that the area is '^carrying*' fewer birds than it 
might. The aTifaiina characteristic of the rain forests has been swept a. way 
with them without leaving a trace. Practically no rain forest hpeeii‘s has 
lingered, has adapted itself to the new” conditions, or has been attracted b}’ 
tJie growth of the introduced trees to re-coionise the va.llt*y. (Tliougli a f«‘W 
miles away ArizeloeicMa ndlanjemis siriifades maintains a. footing in the 
threadbare vestiges of forest, hardly w'orthy of the name, along tin* lloiiibo" 
Soiii gorge.) .On the other hand^ there has been no striking inenrsioii of a dry- 
country avifauna — such as Tmchypkomis d'amaudii bohmi, Macron jfj' aotcliae 
winto7ii^ Spreo s-uperbus, all of which are characteristic of the thorn country 
a few miles away to the south — although there are species in the Koiigei list 
that indicate a tendency in that direction. Tmchpphonus millanfii suaJidicm 
belongs to the thorn-hush south of the Pangani, its presence at Koiigei con- 
stituting an extension of its recorded range : and if the occiirrence of Sorella 
emini is confirmed this is also an invader from steppe countries. The 50 years 
since the clearing of, the forest round Kongei might seem a long enough period 
for the b.ird population to adjust itself fully to the changed conditions; but 
there is a, Iso near- Amani another grass area, of very different type, which, 
although otJer than that at Kongei, has fa-iled to attract what o,ne would 
consider an ap])ro];)riate bird population. 

It would be interesting to re-examine the Kongei vu-lley at intervals of 
5 years, and ascertain whether or no the bird popi.iiation is in a tr.aiisitional 
state. 


THE INFLUENCE OF SECTIONAL GRAZING AND 
MANURING ON THE FLORA OF GRASSLAND 

By E. WYLLIE FENTON. 

{Biological Department, Edinburgh and East of Scotland College of Agriculture.) 

{With seven Graphs and four Diagrams.) 

Introduction. 

The present investigation arose wMle the writer was doing advisory work on 
grasslands in the south-west of England. During the year 1927 several experi- 
ments were laid down to test the sectional method of grazing grassland (6). 
Two of these experiments were studied during the year 1927, the botanical 
changes in the flora noted, analyses being made periodically. Unfortunately, 
the writer left the district in November of 1927, and further observations were 
not possible. Fortunately Mr F. R. Horne, M.A., has kindly supplied details 
for one of the plots at East Devon for the month of December 1929. The in- 
formation supplied shows that there has been no material change in the im- 
portant species of the vegetation. Unfortunately, the treatment at Knight’s- 
Hayes has been discontinued, and further information from that source is no 
longer possible. 

The two experiments dealt with in this investigation were at East Down 
on the farm of Seale-Hayne Agricultural College, Newton Abbot, Devon; 
and at Knight’s-Hayes, near Tiverton, Devon; the latter on the property 
of Sir Ian Amery. Mr C. D. Ross, B.Sc. (County Organiser) conducted the 
Knight’s-Hayes’ experiment. The East Devon experiment was conducted by 
the Agricultural Department of Seale-Hayne Agricultural College. Both experi- 
ments were run in conjunction with Messrs Nitram, Ltd. The rainfall in both 
areas varied from 36 to 40 in. per annum. Both fields had complete manurial 
dressings applied before the sulphate of ammonia applications commenced. 
As soon as the stock were moved from a plot the droppings were spread and 
the sulphate of ammonia applied. The grazing was so handled that as soon as 
the last plot was grazed the first was ready for re-grazing. 

The investigation is concerned with the botanical changes following the 
application of the sectional method of treatment. The agricultural aspect is 
dealt with only in so far as it affects directly and indirectly the flora of the 
grassland. 

Enighfs-Hayes. 

The field at Knight’s-Hayes is, except at the west corner, level. Previous 
to this experiment the field had been a water meadow and irrigated. The 
general treatment had been to cut for hay and graze later in the year. This 
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is a common practice in. many parts of Devonshire. The usual result of 
this practice is to <lep.ress W.ild W.hite Clo¥e.r and in the later part of t.he year 
to encourage Bent Grass {Agrostis pdustris Huds.). Another possibility is 
that, unless the imgatio.n is e-arefully controlled, Yorkshire Fog (//o?cw*s 
lanatus) will show a large increase, while if the amount of water is too small. 
Crested Dogstail (Cgnosimis crisMus) and Swecd' Vernal (Atdhcmmfhio^i 
odoratnm) may spread to a considerable extent. Mismanagement of the grazing 
will increase weeds and less valuable grasses, and decrease clovers and useful 
grasses. Unless the drainage is good m.oss will spread rapidly during the winter 
and colder parts of the year, and Buttercups will also tend to spread. Should 
the field be too heavily stocked during the wet spells the soil will get '' puddled,” 
and Daisies, spread rapidly. . 

As far as the contour of the field is concerned Plots 1 and 2 are on very 
level ground. The east side of Plot 1 is, however, slightly higher than the old 
irrigation chamiel running just inside the west side of the plot; while Plot 2 
is slightly below this level and would tend to get a little more moisture. This 
is borne out by the higher proportion of Meadow Foxtail in Plot 2, Plot 3 
is at a hig,her level than Plots 1 a.nd 2, except a strip at the side of Plot 2. 
This plot is also rather irregular owing to two large water channels running 
across its length and another connecti,ng them. Owing to these ('hannels being 
fairly deep, although never artificially filled, after hea-vy ra.in they remained 
full for some time. This tended to make the edges of tln\se channels wet and 
affect the vegetation, while the tramping of cattle broke them down and re- 
leased the water. The general effect of this, as will be seen, was to hinder the 
progress and improvement of this plot and render it of leSvS value than 4 and 
still less than 1 and 2. With tiie continuous and regular treatment, however, 
this plot improved very much and, at the conclusion of the experiment, was 
not very far behind the others. 

Plot 4 was the most irregular of all. The extreme corner was miicii the 
highest part of the whole field, w^hile the fax north-west corner next the 
G.W.E. line was the lowest. An irregular channel ran obliquely acrosKS it to 
join those in Plot 3. This was fringed with Stinging Nettles and later with 
Polygonum spp. The lowest part of the field had many scattered rushes but no 
clumps. In spite of this irregularity and the fact that generally the plot rose 
steadily above the level of 3, the vegetation was good and, at the beginning 
of the experiment, contained fewer weeds than the other plots. At the end 
it was quite as good as Plot 2. The explanation of this is that the slope was 
such as to run off excess of water, even any overflowing from the irrigation 
channel quickly drained to a still lower level. In fact, in this respect it had 
a slight advantage over any of the other plots. Dining the dry spell in the 
never scorched in the higher parts. This was doubtless due to moisture 
slowly percolating down from a channel at the higher end of the plot, while 
the orchard on still higher ground above must have conserved much moisture 
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for the dry periods. This obviated the '"drought patches’^ so characteristic 
of many Devonshire grasslands situated on sloping ground. 

East Down, 

This field sloped south-east by east with an elevation of about 450 ft. 
Five plots were fenced off parallel to each other. Previously the field had been 
in grass for many years. For a considerable time it was undergrazed, but more 
recently was laid up for hay and then grazed. The vegetation, although superior 
to many of the permanent pastures in the district, had a large number of 
species present, while there was a higher proportion of Bent Grass, Yorkshire 
Fog, and an appreciable amount of Golden Oat Grass. The soil w^as a loam 
and, in spite of a good rainfall, the drought in summer invariably affected 
the vegetation. The reason for this was that in places the underlying shillit 
(shale) came near the surface soil. 

Method of analysis. 

The method of analysis was the grid method as used by Amistrong (1) 
and Stapledon (10). The grid used was 10 in. square and subdivided into 
square inches by cross wires. Frequent readings were taken across the plots 
and the readings totalled. The figures given are the averages. In all cases the 
individual readings showed little difference from the average. The grid method 
was adopted so as to make a suitable comparison with other work (1), (10), 
particularly in Devon (2). 

From time to time areas of the plots (at Knight’s-Hayes) were fenced 
before the cattle and sheep were turned into the plot. Cuttings of these were 
taken and the herbage was sorted out and the proportion by weight of the dry 
material was estimated (Table II). The herbage thus analysed was dried slowly 
in the laboratory. Unfortunately, it was not possible to visit the plots very 
frequently and, therefore, the ungrazed material fenced off was much longer 
than the vegetation the stock grazed. This explains the rather high proportions 
of certain of the grasses when comparing the ungrazed material with the grazed. 
It must be pointed out, however, that for reasons of economy the fences for 
the "long grass’’ were placed next the plot boundary fences. In the case of 
Plot 2 this was rather unfortunate, since this part received extra moisture 
from the channel in Plot 3. This is reflected in the high and rather flattering 
figure achieved by Meadow Foxtail in the analyses for May 13th and June 1st. 
The analyses by weight were done by my assistant, Mr C. A. Cosway, B.Sc. 

The dates on which the plots were examined were determined largely by 
the rate of growth of the plots and the rate of change of the vegetation. As 
the season advanced the herbage settled down on all the plots to a fairly 
fixed proportion. Visits latterly were not so frequent, and on several occasions 
the readings were practically identical with those previously recorded. When 
this occurred, no further readings were taken till after another spell of grazing 
and manuring, when changes in the vegetation were evident. 
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CoKBITIOHS OF THE PLOTS DUEIHO THE SEASOXT 

April, (Table L) 

Tlio first visit enabled one to form a good idea of the fielil wbieii was being 
portioned off into four plots. The general impression was that the stock tended 
to be more on the area to become Plot fo as it was iicair the entraiHH^* gate. 
This wj'is also indicated by 12 per cent, being bare, 12 per cent, moss-covered, 
Daisies were 6 per cent, (the highest per cent, present in any of the plots), 
while Wild White Clover was 15 per cent. The area for Plot 2 showed iiiiich 
the same vegetation as Plot 1, but like 3^ Bent was rattier high. Meadow 
Foxtail was highest in this plot. Plot 3 did not vary very nnieh from Plot 2, 
perhaps the most interesting features being the presence of 3 per cent. Pkoifago 
Immdata and 2 per cent. Limila canipestris. These o<‘curred on the higher 
parts of the plot. Plot 4 was rather interesting, since not only did it contain 
fewer ingredients of a reasonahle proportion, but Yorkshire Fog (13 per cent.), 
Crested Dogstail (10 per cent.) and Sweet Venial (10 per cent.) were con- 
siderably higher than in the other plots. At first one might cjoiisider that the 
high proportion was due to more moisture. Had tliis been the cause then pai't 
of Plot 3 should have given .about the same proportion., but this was .not the 
case. The real explanation lies in the contour of the a'rea. and the fact that it 
would not he possible to cut much of it with a mower. If cut it Wiiuld have to 
be with a scythe. In sho.rt, as usually happens in siicli casf‘s, the <mtting is 
more to keep down top and rank growth than for hay. As wc? ha \T' found in 
many other instances this is just the conditio,n, w,here no intensive g:ra:Zing 
follows, which gives these grasses the clia,nce to get Iln‘ upper hand (5). 
A certain amount of grazing has occuiTed, as is shown by the propeution of Rye 
Grass and of Wild White Clover, but not sufficient to keep coarser growth in 
check. 

It was quite evident that, during the aiitunin of 1926 and the following 
winter, Bent had formed a considerable proportion of the herbage, since many 
traces of its presence could be foimd, both dead leaves and inflorescences. The 
tall growth in spring and early summer, however, when the herbage is allowed 
to grow for hay, generally tends to hold this grass in check, and prevent Bent 
becoming the dominant grass, which it frequently is on grasslands grazed and 
never cut. In meadows in poor condition Bent m,a..y form a high proportion 
of the hay (3). 

April 22nd, (Tables I and II.) 

It will be seen from Table II that the plots were showing their first flush 
of growth after treatment. Rye Grass was dominant, but Yorkshire Fog and 
Bent gave very high yields of the proportion. This is brought out in the analysis 
by weight of the ungrazed herbage samples taken from Plot 3. Wild White 
Clover was just beginning to show growth, but was rather held in check by 
the grasses. The grazing had not been in action long enough to keep the grasses 


Table I. Knighfs- Hayes, 1927, 

Ground covered % 

April 2ncl A 2 ^ril 22wd May IZih. June 1st June 21tJi August 23rd Sepdemher 21ih 
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ill €}MH„*k uimI give the clover a cliaiiee. xi most uotieealile is tla* iiiiirked 

fall of Rweet Venial and Crested Dogstail The rf^astiii for the* appanmt dis- 
cFcpaiiey between the amilysis weight and by penaaitage groiitnl covered in 
the case of Bent and Yorkshire Fog is due to tlie fact that Bent was grazcal 
and Yorkshire Fog hardly touched. 


Table II. KmgMs-Hmfes, 1927, 

Hay, % by weight. 



April 

Mm/ IMk 

June Isi 

Ampisi 


22ml 


— ^ — , 




23rd 

Hots 

3 

1 

2 

' 1 

2* 

3 

Wild White Clover {Tn'folhim repens) ... 

0-34 

2*54 

10*55 

11*36 

9*69 

6*16 

.Red Clover (fT. pmi€.me) 

— 

— 






0*27 

Perennial Rye {LoUvm peremic) ... 

34*16 

32*12 

38*42 

52*rs9 

38*10 

43*62 

Cocksfoot {Jjaciylis glomcrafa ) 

8*54 

— 






._,™ 

B.S. Meadow Ctrass {Poa trimalis) 

"•51 

12*51 

2*5‘l 

3*31 

0*83 

1*85 

Meadow^ Rescue {Feslitca prafensis) 

— 




6*29 

7*87 

2*47 

Meadow Foxtail {Ahpccuntfi pratemis) ... 

1*93 

0*75 

16*66 

10-14 

15*57 

6*16 

Crested Dogstail { Cy)i rwv / nts cnslafus) . . . 

— 

7*44 

7*41 

4*52 

7*87 



8weet Vernal (Antho.rautlnim odoratKm)... 

,2*48 

7*27 

7*96 

2-!l8 

12*86 

9*li 

Bent (Agnhsii.s paliisfris. Hods.) ... 

19*14 

9*30 

1*95 

3-20 

0*15 

14*24 

Yorkshire Fog (//o/rw-s /a tv) ... 

18*25 

19*86 

10*74 

2*43 

5*38 

16*10 

'Diimy {BeUis peremm) 


0*25 

0*37 

2-21 





ButUn'cnip (JhnMmvNliis npens) ... 

1*24 

2*20 

3*U6 



0*66 


Geraniuin {Gcrani'wm spp.) 

. — 




2*54 





iSorrei (Rum ex Acefom) 

6-40 

0*17 

{M8 

2-21 

0*91 



Ciickno Flower {Pardamine pmfeme) 





, 

0*15 



Soft Brome {Bronnhs mollis) 



— 

2*21 


— 


Mag mil. (Table I.) 

By this date the -effects of i-nan'iirial dressings a.iicl tlie regular rot-ation 
of grazing animals were reflected in the gradual sdtling down of the vegetation 
to a fairly homogeneous flora. Eye grass was more ilominant. Bent had practi- 
cally disappeared, and there was a slight increase in Sweet Vernal and Crested 
Dogstail due to shortness of the vegetation. Yorkshi-re Fog showed a marked 
decrease, and it w^as being grazed better. Weeds were not so frequent, with 
the exception of Buttercups, but they frequently show an increase during the 
early stages of grassland improvement. Vuld White Clover shows a marked 
increase on all plots, this being a sure indication along with the high projiortion 
of Rye Grass that the herbage is improving. Another feature was the ap- 
pearance of Wild Red Clover. The order of the ])lots at this datc^ was first 
Plot 2, second Plot 1. third Plot 4. and last Plot 3. 

The vegetation which had been kept from the stock and analysed by weight 
is shown in Table II. It will be noted that Yorkshire Fog is high; this is due 
to the disinclination of the stock to gra-ze it during the early stages. The high 
proportion of .Meadow Foxtail in Plot 2 has been previously explained. 

3Iay 20th 

An examination of the plots revealed no material change in the composition 
of the herbage. The rather dry period during the spring doubtless accoiiiited 
for ‘this state of affairs. 


E. Wyllie Fenton 


81 


June 1st, (Tables I and II.) 

Tbe stock were grazing Plot 2, and between the stock and the amount 
of droppings it was quite impossible to attempt anything like an accurate 
analysis. In general it was very similar to Plot L 

The outstanding feature of all the plots was the high proportion of Wild 
White Clover and Rye Grass; in Plot 1, 73 per cent.; Plot 3, 72 per cent.; 
Plot 4, 58 per cent. The break in the drought had greatly refreshed the herbage, 
and the considerable amount of Meadow Foxtail present pointed to a good 
^"^Pply fresh water. Wild White Clover had greatly increased in all the plots, 
and Rye Grass also showed an increase. An interesting discovery was the 
appearance of Meadow Fescue. A few plants had been noticed but, following 
on the breaking of the dry spell, Meadow Fescue seemed to get a better chance 
to develop and increased considerably. Yorkshire Fog had diminished and, 
except in Plot 4, Sweet Vernal was not very plentiful. Bent, as before, was 
not much in evidence. 

The ^'hay plots'’ of 1 and 2 did not reveal anything very striking except 
that, as might be expected, those things which can grow to length tend to be 
flattered in a calculation by weight. The high position of Meadow Foxtail 
as occurred on May 13th is about the same proportion. Sweet Vernal has 
increased, especially in Plot 2, but this is largely due to the after-effect of the 
dry spell in the spring. It will be noticed that there is a marked decrease in 
Bent and a still greater decrease in Yorkshire Fog. 

June 27th, (Table I.) 

At this stage it will be seen from the figures in Table I that the plots 
show a certain amount of periodicity in the proportion of ground covered by 
the different species. This is quite a marked feature of many well-grazed 
Devonshire pastures of good quality. In such cases there is a varying fluctua- 
tion of Wild White Clover and Rye Grass, which forms usually about 70 per 
cent, of the herbage. After Wild White reaches a high figure, Rye Grass 
follows by a marked increase and the Wild White Clover decreases. This is 
in turn followed by an increase in Clover and a reduction in Rye Grass, and 
this may be repeated several times, depending on length of the growing period, 
the season, and the grazing. 

Plot 1 is about the same, except that Rye Grass had decreased while 
Yorkshire Fog and Bent have increased. Plot 2 from May 13th figures has 
an increase in Wild White Clover and a decrease in Rye. Plot 3 shows a marked 
increase in Wild White Clover and a decrease in Rye, accompanied by an 
increase in Yorkshire Fog, Bent, and Rough Stalked Meadow Grass. Plot 4 
was rather lagging behind the others in the periodicity movement, in that Wild 
White Clover had greatly increased but Rye had scarcely begun to show a 
decrease. Generally, the whole area showed a. great improvement since the 
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start of the experiment, but at this stage Yorkshire Fog iind IJent showed 

signs of a teiidency to iBcrease, 

July l?dL 

An exaniiiiatioii of the herbage revealed no marked ehange and. attiT a 
few test readings, no detailed examination was marie. Plot -I, iih prt^vioiisly 
indicated, had gone just a little further, in that Kye (Jrass had lalltai, with a. 
slight rise in Wild White Clover, Eoiigh Stalked !lleadow Grass acccninliHi lor 
the difference. The plots were far more homogeneous than tlii*y werr‘ originally, 
and except for the edge of the irrigation channels, sliow no niarkt*d div(*rsity 
of herbage. Along the edges of these channels were a few Stinging IXhAtles, 
Sorrel, one tiift of Tufted Hair Grass, patches of Yorkshire Fog and Bent. 
But these were being regularly cut where not grazed, so that their extent was 
rapidly decreasing. 

August 23rd. (Tables I and II.) 

After the lapse of about 6 weeks tlie plots presented a very inttu'estiiig 
appearance. Unfortunately the pipes supplying drinking water ior the stock 
had got choked, so that the gates in all the plots were open to ])ermit the 
aiiiiiials to pass to any plot. This had been the case for a. month pnn'ious 
to the examination. It was evident, however, that this had not made any 
material difference, as the grazing of the various plots !md been e<jual!y iiumise. 
Beyond a slight lagging in Plot 4 the others hati reaidied almost a homo- 
geneous herbage. The reason of the lag in Plot *1 was <!oiil>th‘ss aiaamtuateil 
by the wet summer; that plot getting mon* moistun* tlian tlie otliers. siiua* 
any sudden flush of water into the top chanini would flush Plot 1 ladore the 
others were seriously affected. The figimes were : 

Plot 1 2 3 4 , 

Wild White Clover ... 35 40 40 05 

Rye ... ... ... 50 50 50 30 

The rest was composed chiefly of Yorkshire Fog and Bent, with traces of 
the others previously mentioned, including Wild Red Clover. 

September Tith. (Table I.) 

During September there wnrs a very heavy ra^iiifall. Vegetation getierally 
put on much growth during this period. In pastures it was most marked by 
the growth of grasses and as a result of this increase a corresponding decrease 
in clover. This was also evident at KnighPs-Hayes, wliile the treading of the 
stock on the soft earth tended to cut up the turf in many places, especially 
near gateways. The plots were still grazed in general and not in the sectional 
method, but they were all receiving due attention. The excessive inoistiire, 
the grazing and the trampling of the milch cows on the plots brought, certa,iii 
.of .the weeds into prominence again. The last readings taken on September 
27th show the state of affairs. 
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The figures show that by the end of September all the plots had practically 
the same vegetation. Plot i was in line with the others, in that the high pro- 
portion of Wild White Clover to Rye Grass had been reversed. There are one 
or two interesting points. It will be noted that Daisies occupy most space 
ill Plot 1 and least in Plot 4. This is due to the fact that Plot 1 gets most and 
Plot 4 least treading. Hawkweed is least in Plot 4 and the same for the others ; 
this is due partly to the treading and the moisture. Meadow Grass is smallest 
in Plot 1 as it is the driest plot, and highest in Plot 4, which is most moist 
owing to the irrigation channels. Buttercups follow the order of moisture 
content of the soil in the plots, while Yorkshire Fog does this to a certain 
extent. Cocksfoot does the same, but a part of Plot 1 studied accounted 
for 3 per cent, in Plot 1 as against 2*5 in Plot 2. Bare areas are highest in 
Plot 3, Plot 4 has a slight bareness, and there is not much in Plots 1 and 2 as 
they are there filled by moss. The bare areas are due to the cutting up of the 
turf by the stock, since 3 and 4 are the plots with the most moisture. 

East Down, 1927. (Graphs V, VI and VII, also Diagram I.) 

Complete details of the sectional grazing experiment at East Down are 
found in Seale Hayne Agricultural College PamjpMet 26 (8). There are five 
plots, each 2 acres in extent. Botanically this experiment was interesting, 
as the high elevation (450 ft.) with a steady downward south-east slope caused 
the grassland to suffer from summer drought. This drought made recovery 
very slow after grazing, and particularly after the application of sulphate of 
ammonia. In the dry spells Wild White Clover, weeds and, to a slight extent, 
grasses, were scorched. So much was this the case that, on several occasions, 
no botanical analysis could be satisfactorily made. Another point was that, 
owing to the fact that some plots had an extra grazing within the drought 
period in their rotational succession, they suffered more than the others, while 
Plots 3, 4 and 5 for a time got rather too rank (8). The figures obtained 
illustrate the changes, and what is still more important, two grazed areas, 
A and B outside the plots. It is the difference between areas A, B and the 
plots which is of most importance in this case. 

The field used for the experiment had been in grass for many years. The 
soil was a light loam overlying "^shillit’’ or shale. Situated some distance 
from the farm it has been used for grazing, and later cut for hay. The herbage 
was fairly good but contained rather a high proportion of Bent Grass with 
appreciable amounts of Yorkshire Fog, Soft Brome and weeds. There were also 
one or two patches of Stinging Nettles {Urtica dioica), but these were strictly 
confined to definite patches. It may be mentioned here that at the foot of 
p. 6 of Pamphlet 26 (8) the word ''fescues” should read "meadow grasses.” 
Only an occasional plant of Sheeps and Meadow Fescue was present, but 
Rough Stalked Meadow Grass was at times plentiful. 

Five plots were separated off, running from top to bottom of the field, 

6-3 
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leaving a considerable area on the south-west side (A) and a triangular area 
(B) on the north-east side, where water was available for stock in the extrtuiie 
corner. Another field on the north side also opened into this triangular area ( B) 
in order to allow the stock to have access to. water. The area A was grazed 
pretty much on the old naethod, but B received much more intensive graziug 
and, in the shortness of the herbage due to grazing, compared with the con- 
trolled sectional plots. This enables one to obtain a reasonable comparison 
between (1) the old type of grazing, (2) grazing to the full capacity of the 
herbage, (3) sectional grazing with manuring. Plot 1, on part of the field 
next to Area B, is taken as typical or standard. The part of Area B, next the 
spring where water was available for stock, was not included in the botanical 
analysis, since there was not only the extra moisture possibility, but also the 
possibility of extra, droppings of the stock. On the part examined there was 
no undue manuring due to this cause, although grazing was more intensive, 
since it lay near the water supply. The fact that the herbage in the area 
examined was closely grazed enabled a good comparison to be made between 
this area and the old method as well as the experiment, since the vegetation 
of this area (B) did not differ from the rest of the field at the commencement 
of the experiment. Another point of importance being that the area, except 
the north-east end of the declivity, contained no more moisture in tlie soil 
than the plots and Area A. 

Graphs V and VII show that East Devon in its changes of flora clost^ly 
followed Knight’s-Hayes. As Knight’s-Hayes has already been studied in 
detail further treatment of East Devon will be dealt with under Discussion. 

East Down, 1929. 

I am greatly indebted to my friend and successor, Mr F. li. Horne, MlA., 
for kindly supplying information and figures of the vegetation of Plot 1 in 
December 1929 — two years after my observations were made. The species 
present are proportionately represented in Diagram IV. There is strong 
similarity to the vegetation in 1927 in spite of some fluctuations in the less 
dominant species of the flora. It is evident that there is little change and that 
the vegetation is now settled and will remain so while present treatment con- 
tinues. Plots A and B are, not considered, as B was too badly poached and A 
was rather tufted. • 


Discussion. 

In order, first of all, to ascertain the importance of grazing as it affects 
the vegetation, the East Down experiment will be considered first. It will be 
observed that by the end of the year 1927, as the diagrams show, B ranked 
mid-way between Plot 1 and A. The figures show that the chief difference is 
in the amount of Bent, .Rough Stalked Meadow Grass. 
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system of inadequate grazing, but decreases very miicb with, tighter grazing, 
and under the sectional grazing and manuring system almost disiippears. Wild 
White Clover shows a steady increase from A to Plot 1 . Rough Stalked Meadow 
Grass which is afiected by competition wdth Bent and Rye Grass is highest 
in B and lowest in Plot 1. In Plot 1 Rye Grass had depressed both Bent 
and Meadow Grass. In A Bent had depressed both Rye and Meadow Grass, 
but ill B only Bent ofiered limited competition, while the considerable amount 
of Wild White Clover aided Meadow Grass (11). Another interesting point 



Graph I, Plot 1. Knight’s-Hayes, 1927. 

is that, ill A, Sweet Yernal and Crested Dogstail are nearly absent, due largely 
to the smothering action of Bent and partly also to competition with Meadow 
Grass. It will be noted that Yorkshire Fog has almost disappeared from 
Plot 1. The only other feature of interest from the figures is that weeds seem 
remarkably high in Plot L This is due to the fact that weeds include Dande- 
lions, Yarrow, and Ribwort Plantain, which got a good opportunity with the 
close grazing, and owing to the greater moisture-holding capacity with no 
bare space, Buttercups (Ranunculus remns\ ^ - 
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These figures indicate that much of the fundamental importance in the 
sectional grazing and manuring method is due to grazing (4). Althoiigh B 
is distinctly behind Plot 1, yet it obviously occupies an intermediate position ; 
that is clearly shown by the steady increase in Wild White Clover and the 
marked decrease in Bent. The Rye and Meadow Grass proportions are largely 
affected by Bent and WTld White Clover. The chief difference between B and 
Plot 1 is, that with manuring, the intensity and amount of growth was in- 
creased. If the intensive grazing is added to this it is obvious that the im- 
provement shown between A and B is speeded up, with the result that Bent 



Graph 11, Plot 2. Knight’s-Hayes, 1927, 

and Yorkshire Fog are still further depressed, and that Wild White Clover 
and Rye Grass are greatly increased. It was also evident that the quality 
of the herbage in B was superior to that of A, and consequently more nutritious, 
so that the closer grazing had not merely improved the botanical but in all 
probability the chemical composition (12). 

The botanical composition of the old herbage as judged by the condition 
of both East Down and Knight's-Hayes is quite in keeping with some of 
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was beginning vigorous growth, and' the after-treatment did everything to 
favour Bent. Hence, in the course of a few years, Bent was the dominant or 
one of the dominant grasses. Under good grazing and manuring the conditions 
are so improved that the better grasses and clovers are able to compete with 
such plants as Bent,. Yorkshire Fog, Soft Bronie and -weeds in general. 

It will be seen from Graphs I-VII that Yorkshire Fog and Perennial E-ye 
afiect each other. When Rye is in high proportion Yorkshire Fog is at a low 
figure. Both tend to have two peaks of maximum development during the 



Graph III, Plot 3. Knight’s-Hayes, 1927. 

year. Yorkshire Fog just reaches its maximum area of ground covered in April, 
and the next period, depending on competition, is June to August. In some 
cases there is no second fluctuation. Perennial Rye reaches its final peak 
of development in May and the second and larger increase is towards September 
and October, although in Plot 3 the curve showed a tendency to fall. 

Perennial Rye Grass and Wild White Clover, which form a very important 
association in well-grazed grasslands in good condition (1), also show a fluc- 
tuating movement. Whenever Perennial Rye is at a peak in the curve Wild 
White Clover is at a depression, especially where grazing is adequate. On the 
other hand, in moist growing weather, if the grass is not kept down, Wild 
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White Clover does get depressed but recovers very rapidly as soon as the grass 

is adequately grazed. ■ , . , 

If the curves of Yorkshire Fog and Wild White Clover are compared, it will 
be seen that when Yorkshire Fog reaches a high peak about April-May, Wild 
W^hite Clover shows a depression in its curve of growth. Although Wild White 
Clover shows a marked fall again towards the end of the year, which the slight 
increase of Yorkshire Fog and Bent would not explain, it is easily explained 
by the high proportion of ground covered by Perennial Eye, as a result of 



Graph IV, Plot 4. Kiiight’s-Hayes, 1927. 

the good condition of the soil aided by Wild White Clover. This is brought 
out by the percentage of crude protein in samples of mixed herbage from all 
plots (Knight’s-Hayes) ; April, 21 percent. ; May, 21 per cent. ; June, 19 percent. ; 
July, 22 per cent.; August, 26 per cent.; September, 27 per cent.^ Bent 
tended to increase from June to July and again towards the end of September. 
It never succeeded, however, in making any serious headway against the Eye 
Grass- Wild White Clover association. Plots 3, 4 and 5 in East Down had 
Bent in, rather higher proportion. 

^ Figures kindly supplied by Mr A. Blenkinsop, B.Sc. 
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KnigM’s-Hayes showed a strong similarity to East Down in floral fliictiiar 
tions and changes. Weeds as distinct from miscellaneous plants were few, 
and it was readily seen that in Knight’s-Hayes they had been carried along 
the water channels and distributed from there. This distribution, therefore, 
had occxirred during the previous years when the field w^as a water mea.dow. 
The distribution of weeds along the water channels is a very marked teiitiire 
of many water meadows in the south-west. It will be noted that moss shows 
no tendency to occupy the high proportion it did during the early part of 
the year. The fact that there was very little, if any, space bare of vegetation 



Graph V, Plot 1. East Down, 1927. 

(beyond turf cut up by treading in wet weather) prevented moss making any 

progress. Grazing did not favoiir Meadow Foxtail, and by September there 
was scarcely a plant to be seen. 

The effect of the grazing and mamirial treatment was interesting in several 
species. Yorkshire Fog, as already pointed out, was not grazed at first. Later, 
as the effects of the manure became more evident, it was well grazed and it 
consequently decreased. Bent was almost similar in that stock did not favour 
it much, but later, when it did grow it was eaten, though not with the same 
readiness as Rye Grass and Glover. Another point was that grazing tended 
to pull it up and prevent spreading. This is an important point, for pastures 
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on heavy soil where Bent is prevalent if rolled injudiciously (depending; on, 
condition of soil when rolling and the amount of rolling) may get dominated 
by Bent. . ■ , ■ ^ 

The presence of Sorrel (Rumex Acetosa) at Knight’s-Hayes was, due partly 
to the previous poor condition of the, soil and partly to the fact that seeds 
had been washed along the water , channels and thus spread oyen the field. 
At the side of one of the water channels in Plot 4 there was some Polygonum 
Persicaria, but no trace of it elsewhere. There w^ere small quantities of Jlanun- 
culus repens, Beilis perennis, and latterly, of Hawkweeds spp. and 

Hypochaeris radicata). 



Perennial Rye; Wild White Clover; .... P. S. Meadow Grass; 

-x-x Bent; — * — Yorkshire Fog. 

Graph VI, Plot 4. East Down, 1927. 


The copious autumn rains made growth so profuse that it was with great 
difficulty that the herbage was held in check. This was the chief cause of 
Perennial Rye Grass reaching such a high figure towards the end of the observa- 
tions. Weeds in East Down were not plentiful, if Buttercups are excluded. 
Daisies were practically absent, but Soft Brome and Golden Oat Grass were 
both present in the early stages. 

The marked improvement in the vegetation as a result of manuring and 
grazing is not only evident in the figures, but the well fed and sleek appearance 
of the stock as well as the market prices was inclusive evidence. It was 
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perhaps more evident at Knight’s-Hayes than at East Down, since the latter 
suffered from severe drought. Even in spite of this the results were very 
satisfactory. The final condition of the vegetation as judged by the figures 
bore a strong resemblance to that of some of the best fattening pastures as 
shown by Armstrong (1). This is a good indication that the sectional grazing 
and manuring method is on the right lines. 

The difference between percentage of ground covered and the “ young hay '' 
or green growth 8~10 in. high as estimated by weight is not so great as the 
figures suggest (Tables I and II). The taller growth favoured certain plants 



and presented growth in height which grazing did not. This favoured the tall 
growing at the expense of a creeping plant like Wild White Clover and Rye 
‘^‘^grew up” rather than ‘^spread out.” Many weeds are also encouraged by 
the longer growth and seem to be more plentiful in hay. 

An important point is very clearly illustrated in Graph VII for the control 
area in East Down. It will be seen that Wild White Clover and especially 
Perennial Rye were late and slow in making spring growth. Not till May was 
any real progress made. In both Plots 1 and 4 (as examples of the five plots) 
Wild White Clover and Perennial Rye made growth from a very early stage. 
It is also evident that Bent again virtually gained a position of dominance 
at the close of the year. This smothering influence of Bent at the beginning 
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and end of the growing season is one of the worst features of many pastures. 
Its decaying stems and leaves act in every sense of the word as a “ cold 
blanket’’ on early spring growth. In the various plots it will be seen that 
Bent was successfully dominated by Eye Grass. In Plot 1 (Graph V), East 
DowUj, Perennial Rye and Wild White Clover had most successfully crushed 
Bent. This means that good grazing is available till very late in the year. In 
other words the productive season of growth is considerably lengthened, first 
by a much earlier start, and secondly by a much lengthened growing period. 
When the weather becomes colder, Wild White Clover slows down its growth 
as is shown by the curves in all graphs, while Perennial Rye continues to 
grow though more slowly throughout the year in most of the south Devon 
districts. The five plots at East Down fall into two groups. Plots 1 and 2 were 
practically similar in flora, while Plots 3, 4 and 5 illustrate rather a different 
state of affairs. Wild White Clover is not so prominent in Plots 3, 4 and 5, 
owing to slight stocking difficulties in the early stages of growth. The drought 
took greater effect on the surface of the ground and adversely affected Plots 3, 

4 and 5. The proportion of Bent is also somewhat higher, but another season 
will bring these plots into line with 1 and 2. The chief difference was that 
Plots 3, 4 and 5 had a very high proportion of Rye, while 1 and 2 had a higher 
proportion of Wild White Clover. 

The figures in Knight’s-Hayes and East Down show very clearly that the 
continuous and regular manurial and grazing treatment had changed the 
rather varied vegetation into a homogeneous Eye Grass- Wild White Clover 
association very typical of some of the very best pastures, and in particular 
to some of the very rich, irrigated areas, known as Lord’s Meadows at Credit on 
(Devon). There, on alluvial and fertile soil, the periodic flushing of the old 
pasture land (divided into plots) by the effluent from the town sewage has led 
to the formation of a very homogeneous flora. An examination of the plots 
(each several acres in extent) gave the following analysis: Wild White Clover, 
20; Rye, 45; Rough Stalked Meadow Grass, 7-5; Meadow Foxtail, 0*5; Crested 
Dogstail, 1; Bent, 15; Yorkshire Fog, 10; Cocksfoot, trace; Buttercups, 5. 

The analysis was made on June 27th, 1927. It wdll be seen that there is 
a very marked resemblance between the figures for Crediton and those for 
Knight’s-Hayes and East Down. In both cases Bent and Yorkshire Fog were 
the only two prominent species after Rye Grass and Wild White Clover. Rough 
Stalked Meadow Grass is higher at Crediton owing to the periodic flushing. 
It is evident, therefore, that the manurial treatment of the plots at Knight’s- 
Hayes and East Down (allowing for grazing being equivalent in all places, 
which from observation seems to be a fairly reasonable estimate) is equivalent 
to the flushing of meadow land with the effluent from a town’s sewage as fax 
as the botanical side of the question is concerned. One plot in the centre of 
this area was easily picked out, owing to the difference in colour of the vegeta- 
tion and the.iact that the,, stock .were mot., grazing. .. On investigation It wajS- 
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found tiat tlie vegetation consisted of 90 per cent. Bent, the remaiiiiog 10 per 
cent, consisting of a little Perennial Rye, Yorkshire Fog, traces of ileadow 
Grass, Buttercups and an occasional plant of Wild White Clover. The grazing 
(or lack of it) had been inadequate; since all other factors were the same for 
this plot as the others, it brings out very clearly the vital iinportarH'.'.e of 
management. Where the fences separated this plot from the others there was 
a sharp line of demarcation. The surrounding plots had a fresh and plentiful 
growth, while the Bent plot had practically no keep and was very stemmy. 
Incidentally this raises the question why the effluent of many inland tc^wiis is 
not used in this way. The manurial value of the effluent is high, and in too 
many cases it is either not used to the best advantage or wasted. That the 
regular application of sulphate of ammonia to grassland (other things being 
equal) produces the same result sj)eaks well for this manurial treatment. It 
suggests that where such irrigation methods are not possible or available the 
same or equivalent results may be achieved by skilful treatment and manuring. 

Without going into agricultural details there are two points which affect 
the botanical side. The problem of adequate and even spreading of the dung 
is important. The plots at Knight’s-Hayes were harrowed with a <*.haiii harrow, 
but this was not always too successful. A parmeter harrow would help matters 
(or a flexible type as used at Seale-Hayne). Where the droppings of cattle fall 
and are left not properly distributed, tufts of deep green vegetation spring 
up which stock refuse to eat for some time. These tufts tend to become coarse, 
to upset the vegetation, and make it patchy, and may affect the health of 
the grasses (5). 

The other point is the application and spreading of sulphate of ammonia. 
The application of this manure tends to scorch the vegetation slightly, and 
Wild White Clover chiefly suffers. Where grasslands tend to become scorched 
the application of sulphate of ammonia may produce unexpected results, such 
as ^Burning’’ the Clover. Where possible and practicable sulphate of ammonia 
should be applied in dull or even wet weather. This mitigates or obviates the 
scorching danger. A bright dry sunny day should be avoided where possible 
or the clovers are bound to suffer. It is obvious that it is not always practicable 
or possible to follow such suggestions, but where they can be put into force it 
will make a considerable difference by the end of the year, not only in the 
quantity but in the quality of the herbage. This scorching is often compensated 
for by the scorching of the leaves of any weeds present. The question arises, 
however, whether two lighter dressings (half quantity each time) with a brief 
interval between might mitigate, if not remove, this trouble. 

The question of the effect of nitrogenous manures on' leguminous plants, 
especially clovers, is always an important one. It was for long considered 
wrong to use anything like sulphate of ammonia on grassland as the Clover 
would be depressed. This is generally true, since the application of this manure 
alone (with no lime) tends to increase the acidity of the soil, and consequently 
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make it less suitable for plants like Wild WMte Clover. It also stimulated 
grasses and tall growing plants wMct were often not adequately grazed, witli 
tke result that Clover was overshadowed, decreased, and might almost dis- 
appear. Where sulphate of ammonia and other nitrogenous manures were 
applied to grassland in the past, a whole field was treated. The result was a 
vigorous gro’wth of vegetation which was not properly grazed, as the stock 
was often insufficient to graze the area evenly. Selective undergrazing soon 
made the vegetation worse than it previously was. The field became half hay, 
half pasture, with numerous coarse tufts of growth no stock would touch, 
and many deep-rooted weeds were often present. Had a half or a third of 
the area been treated the result might have been very different. Naturally 
the slower method of phosphatic manuring was more successful, since the 
improvement in the leguminous growth gradually assisted the grasses. It was 
a slow steady improvement, not a sudden flash of growth, and there was in 
consequence no stocking difficulty. 

That the application of nitrogenous manures to clovers is not necessarily 
harmful is easily demonstrated. If Crimson Glover is grown in culture solution 
the first plants to suffer are those with no nitrogen. Not only so but in late, 
cold and backward seasons, some farmers top dress Crimson Clover^ with 
sulphate of ammonia with very good results. The factor which affects many 
legumes is acidity, as this seems to affect the root nodule bacteria retarding 
or inhibiting the nitrogen supply. Potash and phosphates also play an im- 
portant part, not only as far as the plant itself is concerned, but also affecting 
the bacteria in the nodules. An appHcation of farmyard manure to some old 
pastures produces wonderful results. Not only is Wild White much improved, 
but even Wild Red Clover may appear to a considerable extent. It is obvious, 
therefore, that it is not the application of nitrogenous manures which causes 
the decrease or disappearance of clovers in pastures. It is secondary results 
such as increase of acidity, unbalanced manuring, or unduly increasing nitrogen 
out of all proportion to other necessary plant foods that cause the trouble. 
In fact, the only damage likely to occur is the danger of scorching the leaves 
of Wild WMte Clover with sulphate of ammonia in dry, sunny weather. Even 
this may be only a temporary setback and almost balanced by the damage 
due to surface growing weeds. Hence, provided the nitrogenous material is 
balanced by other things necessary, and that the grazing is adequate and well 
managed, clovers instead of being depressed are stimulated, since their roots 
absorb nitrogen from the soil like those of grasses and other plants. Even 
in 1886 Hillriegel and Wilfarth demonstrated with peas the necessity of 
nitrogen in sterilised sand and that growth of these plants under such con- 
ditions was quite comparable with oats and barley (7). 

It was unfortunately impossible to get sample analysis of vegetation by 
weight (Table II). The “hay” analysis is a phase beyond the grazing stage, 

^ Trifolium incarnatum. 
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and cannot be closely compared with tbe percentage ground covered metbod. 
Cutting does not quite represent gra^jing, so that a close comparison is not, 
possible. The figures in Table II are interesting, as they indicate what might 
happen if grazing is not skilfully managed. The tables also give an interesting 
glimpse of the effect of this treatment on the. various plants of the pasture from 
the point of view of hay production. In this respect there is some tendency 
towards w^hat has already been recorded by Somerville (9), and by Dr 
Brenchley in Manuring Grassland for Hay (Rothamsted Monographs). 

...... It is evident from Diagram 4 (Plot 1,. 1929) that there has been little change 

in the vegetation of East Devon under the system of controlled grazing and 
manuring. Since the close of 1927, when the older and more heterogeneous 
flora had altered to a flora of fewer species and of a much more homogeneous 
nature, the dominating species had not changed. Fluctuations were evident 
in Yorkshire Fog and Bent, slight increase in weeds and miscellaneous 
plants, while Crested Dogstail and Sweet Vernal had disappeared. Weeds 
consisted of Ranunculus, Plantago, and Bdl/is perennis, and of these perhaps 
Plantago lanceolata is not entirely a weed if present in small quantities. 
Hence, beyond seasonal fluctuations, so long as the method of treatment 
does not vary, the flora of the grassland remains practically constant from year 
to year. 


Summary. 

The effect of sectional grazing combined with adequate manuriaJ treatment 
not only increases the stock-carrying capacity of the vegetation (yield), but 
increases and prolongs the vegetative period of growth. 

The nature of the vegetation alters in the proportion of the various plants 
present while the number of species tends to decrease. 

The outstanding differences are the marked increase of Perennial Rye 
Grass and Wild White Clover which under good treatment tend to form an 
association. 

This association of Perennial Rye Grass and Wild White Clover (and some- 
times Rough Stalked Meadow Grass) dominates Bent, Yorkshire Fog and 
weeds, so long as the soil remains in good heart and the grazing is skilfully 
managed. 

If growth is allowed to become ' longer than is necessary for rotational 
grazing, certain -grasses and weeds are afforded a greater, opportunity. This 
is evident for Meadow Foxtail, Cocksfoot, Rough . Stalked Meadow Grass,.. 
Bent, YorksHre Fog, and weeds in the fenced plots. Even Crested Dogstail 
and Sweet Vernal increase when near the fLowering stage. 

Judging from the present investigation it seems that applications of such 
manures as sulphate of ammonia following a general treatment can, wfith 
judicious grazing, produce the same result as irrigation with the effluent of 
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town sewage. The resulting vegetation in both cases shows a strong resem- 
blance to the flora of fattening pastures. 

Unless the grazing and management of the plots are carefully handled, 
the result may be very adverse, since weeds might be unduly encouraged. 
The proportion of weeds present in some of the ''hay” samples indicate this 
tendency. The one poor plot on Lord’s Meadows clearly indicates the vital 
importance of management of both grassland and stock. 

The very marked improvement in the vegetation of grassland under a 
system of manuring and sectional grazing as dealt with, is due to two factors: 
(1) carefully controlled grazing, and (2) judicious manuring. 

The effect of sulphate of ammonia and other nitrogenous manures is not 
directly depressing on Wild White Clover, provided there is no deficiency in 
lime, phosphate and potash, and that grazing is carefully controlled. In dry 
weather sulphate of ammonia may scorch the leaves of Wild White Clover, 
but any injury caused is neither serious nor permanent. 

Apart from slight seasonal fluctuations, after the initial changes have 
occurred in the flora of grassland under any method of controlled treatment, 
the status quo of the various species will not alter so long as the treatment 
remains constant. 
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ON THE IMPOETANCE OF SOME MOSSES 
AS PIONEEES ON UNSTABLE SOILS 

By W. leach. 
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showing various stages in the process of re-colonisation, and P. piliferum 
usually occurs as a pioneer. The early appearance of the Polytrichum is often 
due, to a considerable extent, to vegetative growth of small fragments of the 
moss that become lodged between the stones. These fragments become anchored 
to the substratum by rhizoids, and send up new leafy shoots. A sparsely 
arranged group of Polytrichum shoots on such a patch of detritus will be found, 
on examination, to possess a far more extensive underground system of stems 
and rhizoids than its appearance above ground suggests. The binding action 
of the rhizoids upon the fine soil between the stones, and actually upon the 
stones themselves, becomes evident if we try to free the moss from the soil 
by washing. The efficacy of the rhizoids of species of Polytrichum in this 
capacity is increased by their frequent aggregation into complex ^%icks.’^ 
Species of Polytrichum differ from the majority of other mosses in their ability 
to produce long underground stems, which turn brown and are remarkably 
tough and strong. This ability to form rhizome-like shoots is mainly due to 
the fact that the photosynthetic activities of these species are sufficient to 
provide a food reserve which enables them to grow for long periods in absence 
of light (2). We thus find that they are not killed, even when buried to very 
considerable depths, as often occurs in exposed situations, owing to move- 
ments of rock fragments and soil by weather action. When this happens, new 
shoots grow out which branch freely, and usually eventually reach the surface. 
Also from these underground shoots numerous soil-binding rhizoids spring. 

Above altitudes of 2000 ft. (600 m.) the place of P. piliferum on rock 
detritus of the type described above is, in this country, taken by P. alpinum. 
Pioneer colonisation by this latter species may often be seen on exposed moun- 
tain tops where the typical climax vegetation is frequently a Rhacomitrimn 
lanuginosum community. The Rhacomitrium grows over the surface of the 
detritus and forms a protective carpet against weather action, but its rhizoids 
have no very great soil-binding effect. Patches of this Rhacomitrium carpet 
are frequently destroyed by the action of weather, and P. alfirhum takes on 
the role of pioneer, and stabiliser of the detritus, just as P. pilifenm does at 
lower altitudes. 

PlONEEU STAGES ON SAND. 

It is as pioneers on sand that P. piliferum and P. juniperinum are able to 
exercise their soil-binding qualities most effectively. As a consequence, these 
species may often be of considerable importance on heath-land occurring 
on sandy soils. On such areas in the midlands and south of England, owing 
to the operation of various biotic factors such as human interference and rabbit 
burrowing, patches of the heath vegetation are often destroyed. In this way 
exposures of what is often practically pure sand are formed, and in dry windy 
weather this sand is freely blown about. We find P. piliferum mentioned by 
Farrow (1) as a coloniser of bare sand in Breckland, but no attention is drawn 
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PJ. VIII, Phot. 4 shows washed sections of open and closed P. piliferum 
communities from Prees, taken from an area where no layer of peat was present 
below the sand. In the case of the open commimity (marked a), the moss 
colonisation appears to have arisen from a recent germination of spores and 
formation of protonema. This section shows how, even in the early stages of 
colonisation, a very effective stabilisation of the surface layers of the sand is 
brought about by an extraordinarily abundant growth of rhizoids. Thus the 
soil-binding effect of the moss becomes important, even in the early stages of 
the colonisation. 

This washing method will often be found to yield interesting information 
regarding moss successions. PI. VIII, Phot. 5; shows a section through a moss 
turf from Maiden Castle in Cliesliire, taken from an area where Oalluna had 
been burnt some years previously. Here the dominant species, forming a 
closed community on the surface, were P. juniperinum and Webera nutans. 
Subsecjuent to the destruction of the Callunct^ it will be seen that four com- 
munities (marked 6, c, and d in PL VIII, Phot. 5) of CeTatodonpuTpureus have 
developed on the site. Each of these communities was covered in turn by 
a layer of blown sand, through which the moss shoots grew and re-established 
themselves. Einally the composition of the moss community changed from 
pure Ceratodon to the mixture of Polytrichum juniperinum and Wehera nutans 
which existed on the surface at the time when the examination was carried out 
(layer c, PL YIII, Phot. 5). A point of interest is that the P . juniperinum shoots 
could be traced right down to the peat layer, which suggests that this species 
had developed either vegetatively from a few shoots that had survived the 
burning, or from spores that germinated on the area shortly after the burning 
occurred. The presence of these clear-cut moss layers in the section is obviously 
due to an alternation of dry periods during which sand was deposited, with 
damp or wet periods during which the moss grew normally. The actual duration 
of these periods could not, unfortunately, be discovered. 

In order to obtain definite information as to the actual effect of the presence 
of a layer of sand over a P. piliferum community, the experiment shown in 
PL IX, Phot. 6, was set up. A section about 1 cm. thick of the soil bearing 
a closed moss community was cut out as described above, and enclosed between 
glass plates. Half of the moss-covered surface was then covered with a layer' 
of sand about 2*5 cm. thick as shown, the other half being left uncovered. 
The whole was then placed in darkness and kept moist in the laboratory. 
Three months later the sand which had covered half of the moss shoots for 
the period of the experiment, was removed by washing. PL IX, Phot. 7, 
shows the appearance of the PolytricJmm at the end of the experiment. It will 
be seen that, during the experiment, the leafy shoots of the moss have grown' 
out into long etiolated stems bearing minute scale-leaves. While the etiolated 
shoots that developed in air (the left-hand half of the experiment in Phot. 6) 
are straight, smooth, and unbranched, those that had developed in the sand 
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layer are sinuous and frequently branched, and have produced a considerable 
growth of rhizoids to which in a number of places, sand grains have remained 
firmly attached. PL IX, Phots. 8 and 9, give magnified views of these two 
sets of etiolated shoots, and clearly show how the presence of the sand increases 
branching and rhizoid production. 
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VORTRAG GEHALTEN AM INTERN. BOTANISCHER 

KONGRESS IN CAMBRIDGE 

Von H. BEOCKMANN-JEROSCH, Zunck 

Man kann sagen, dass die Soziologie in den letzten 30 Jahren sieli zu einem 
Acktung gebietenden Zweig der PflanzengeograpMe entwickelt kat. Was bier 
mit viel Kraft nnd Energie erreicbt wurde, gehort zu dem Besten nnd zum 
nnbestrittenen Gebiet der neueren pflanzengeograpbiscben Leistungen. 

In einem ersten Zeitabscbnitt standen die Karten im Vordergrimd, die 
die gauze Erde nmfassen, ein Inventar der Kenntnisse darstelleii, wie es 
Grisebacb in seiner immer nock so lesenswerten Vegetation der Erde^ ange- 
strebt hatte. Auf seiner Karte der Vegetationsgebiete der Erde fussen wokl 
alle spateren, so die wicktigste der damaligen Zeit, diejenige von Drnde^. Sie 
wurde mekrfack umgearbeitet, aber in den Grundziigen konnte diese Massiscke 
Karte besteken bleiben. Drude fand spater den Zeitpunkt fiir gekommen, 
weiter zu geken. Auf dem internationalen Geograpkenkongress von 1899 in 
Berlin legte er kartograpkiscke Darstellungen von Pflanzengesellsckaften, die 
bereits sckon viele Einzelkeiten umfassten, und nock eingekendere 1905 in 
Wien vor^. Aus diesen Vorscklagen keraus wucks nun eine neue Art von 
Karten; sie umfassen kleine, ausgelesene Gebiete, geken dafiir aber bereits in 
viele Einzelkeiten. 

Durck den grossen Einfluss von Sckimper und Warming auf die Pflanzen- 
geograpkie erkielt die pkysiologiscke Seite einen ungeaknten Aufsckwung. Das 
zeigt sick auck in der pflanzengeograpkiscken Kartograpkie. Uberall wird 
Vertiefung gesuckt und die okologiscke Seite wird verfeinert. Zugleick nekmen 
immer neue Nationen, nack und nackfast alle KulturvoUmr, andieser Arbeit teil. 

Die Auswakl der Gebiete gesckiekt aber immer nack reckt personlicken 
Gesicktspunkten. Dass der Pflanzengeograpk moglickst die natiirlicke Vegeta- 
tion zum Studiiim erwaklt und dabei Stellen suckt, wo sie grossem Wecksel 
unterliegt, kann ihm niemand veriibeln. Solcke Vegetationen findet er im 
Gebirge, am Ufer der Seen und aknlicken Orten vor, sodass diese Gebiete 
besser bearbeitet sind als diejenigen, die stark unter dem Einfluss der 
Menscken steken. 

1 Grisebach, a. Die Vegetation der Erde nach Hirer Idimatisclien Anordnung, Bd 2. Leipzig, 
1872. Masstab 1 : 135,000,000 

2 Drude, Oscar. *‘Vegetationszonen der Erde.” BergJiausfhysihaliseher Atlas. Gotba, 1887. 
Masstab 1 : 100,000,000. 

3 WembdMa, Tschirnsteine und Altenberg wurden als Beispiele veroffentlickt in Engler’s 
Bot. JahrhilcJieTf Bd 40, Beibl. 93, S. 10, 1908. 
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Die immer eingehenderen Karten hatten natiirlicli eine gute kartographisclie 
Unterlage und zugleich ausserst ausgearbeitete Methodeii zur Voraussetzung. 
Was fur prachtige Karten vorhanden sind, was sie alles bieten, die Vielseitig- 
keit der kartograpbischen Gesichtspunkte und die Art der Darstellung zeigte 
schon Scbroter 1910 am 3. internationalen Botaniker Kongress in BrusseF 
Und doch: unter diesen vielen neuen Karten ist nicbt eine, die versucbt batte, 
die Bflanzengesellscbaften Europas insgesamt darzustellen. Wieder rniissen 
mr Mer auf Driide zuriickgehen, der im Bergbaiis-Atlas die eingehendste 

. gegeben bat. Diese Karte stammt aber aus dem Jabre 1887 und 

ist in kleinem Masstabe gehalten. 

Wenn wir bedenken, dass wir aus Europa die meisten pflanzengeo- 
grapbiscben Karten und Studien besitzen, dass die europaiscben Gebirge 
^e am besten untersucbten sind, so zeigt das sebr deutlicb den grossen 
e^tauS™^ Aussenstebenden, bauptsacbbcb den Geograpben 

D.r?fT^ wir nun so weit gekommen, dass die 

DarsteUiing der Vegetation von Afrika, des dunklen Erdteiles, weiter gedieben 
t als dmjenige Europas. Aucb die Vereinigten Staaten baben ibre pracbtige 

wiV ib^ffr 1 ’-t" vorgefiibrt bat und urn die 

beitete Gebiete isoliert, obne Zusammenbang untereinander. 

ScbliiT'df ’ ™ ® aufgewacbsen ist, kennt die vielen wicbtigen 

LtTelw r vT Ubersicbtskarten ergeben, und es bleibt von ibnen fast 
kein Gebiet der biologiscben und geograpbiscben Wissenscbaft unberiibrt 
Die Zusamnienbange zwiscben Klima und Vegetation zeigen sicb vor allem 
m den grossen Zugen der Pflanzenverbreitung, insbesondere aber im Vorberr- 
cben gewisser Lebensformen und Arten, was wiederum in der Zusammen- 
l^^^^^^Sesellschaften seinen Ausdruck findet. Die PflanzrdTcke 
selbst stellt die Bodeiiverbaltnisse dar und diese sind das Ergebnis der geolo- 
giscben Unterlage und der Art der Verwitterung und Boleiung Die 
Bodenproduktion berubt bei primitiver Kulturstufe, so bei Sammlern und 

nicbri Vegetation. Gewiss baben wir von solcben Gebieten 

cbt mebr viele in Em’opa, aber gerade desbalb ist ibre Eestlegunt^ von 

sTraftlSSit Anpflanzung, die Grenzen der Wirt- 

scbaftbcbkeit der Bodennutzung und damit die Grenzen der Siedelun-en 

erklaren sicb wmderum so oft aus der urspriingbcben Vegetation. Damit sind 
aber aucb politiscbe Grenzen und die Zeit der Besiedelung beeinflusst Es ist 
besonders Gradmann, der bier scbone Zusammenbange aLeckte. 

beiten*" Znsammenbange kann nicbt aUein durcb die in Einzel- 

brfucbt \ Wbi««ben Darstellungen erreicbt werden, sonderrst 
^ ucbt aucb Karten, die die grossen Ziige darstellen, wie sie eben in einer 
Gesamtkarte ernes Kontinents zum Ausdruck kommen. 

^ Acies du Illme Gangris international de Botanique, Bruxelles, 1910, T. 1, S. 97. 
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Fiir die Pflanzengeograpliie selbst ist eine solcbe Darstellung dringend 
notwendig geworden. Die Pollenanalyse, die so viel wicbtiges Tatsaclieii- 
naaterial in wenigen Jabreii zu Tage gefordert hat, die Florengeschichte, die 
Lebensgeschichte einzelner Arten und G-attungen — sie alle und neben ihnen 
die anderii Zweige der Pflanzengeographie nicht minder — brauchen znr 
Dentung ihrer Ergebnisse die grossen Ziige, wie sie nur in einer Karte eines 
Kontinents dargestellt werden konnen. 

Wie wichtig es ist, dass die einzelnen Karten zu einer Gesamtdarstellung 
zusammengezogen werden, worans sich erst die Hauptlinien ergeben, zeigt 
sich bei den geologischen Karten. Schon 1880 haben die Geologen anf ihrem 
Kongress in Bologna die Herausgabe einer internationalen Karte Europas 
beschlossen. Wenn anch die Durohfiihrung viele Jahrzehnte beanspruchte, die 
Lebensarbeit von vielen Hiinderten von Geologen umfasst, nur um die Unter- 
lagen zu beschaffen, so hat sie doch ihre Priichte getragen. Durch sie sind erst 
die heutigen geologischen Kenntnisse des Baues Europas hervorgetreten. 

Zu den Grundlagen der Geographic gehort u.a. die Vegetationskunde. 
Wenn wir aber die geographischen Handbiicher durchsehen, — nock mehr, 
wenn wir uns in die V orlesungen der Geographen an Hochschulen, leider selbst 
an vielen Mittelschulen, versetzt denken, — dann sehen wir, dass die Vegeta- 
tionskunde, so nahe sie der Anthropogeographie steht, fast immer stiefmiitter- 
licher behandelt wird, als beispielsweise die Geologic, die doch der Anthropo- 
geographie viel ferner steht. In diesem Zusammenhang sei daran erinnert, wie 
viele der heutigen Geographen aus der Geologic gekommen sind und wie klein 
die Zahl derjenigen ist, die von der Botanik zur Geographic iibergingen. Gewiss 
schiebt sich gewissermassen zwischen Pflanzengeographie und Geographic die 
Landwirtschaftslehre ein, aber auch zwischen Geologic und Geographic braucht 
es Briicken. 

Nicht Mangel an Interesse, Missachtung der Wichtigkeit der grossen Ziige 
in der Vegetationsverteilimg, sondern die grossen Schwierigkeiten ihrer Dar- 
stellung haben die Pflanzengeographen abgehalten, neiiere iibersichtliche 
kartographische Wiedergaben zu versuchen. An Karten in grossem Masstab 
ist ja kein Mangel, fast jedes Land versiichte sich in solchen Einzeldarstellungen, 
wenn auch die stark von der Bodenproduktion beeinflussten Gebiete vernach- 
lassigt wurden. 

Wir bediirfen heute einer Karte, die das von Drude begonnene Werk 
ausbaut, die erschienenen Einzelkarten zusammenfasst. Es muss ein Masstab 
gewahlt werden, der schon bereits Einzelheiten bietet und doch noch iiber- 
sichtlich bleibt. Nehmen wir einen der Masstabe, der deneii unserer Wand- 
karten Europas entspricht, also etwa 1 : 20,000,000 oder 1 : 30,000,000, so 
konnen wir natiirlich schon ganz bedeutend mehr einzeichnen, als es Drude 
und seiiien Nachfolgern gelang. Aber Europa, besonders Westeuropa, ist ein 
Land starkster wirtschaftlicher Beeinflussung, und alle diese Masstabe erlaubeii 
nur die Eintragung der natiirlichen Pflanzengesellschaften. Da diese vernichtet 
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Oder umgewanclelt sind, kann also nur die walirsckeiiilicli natiii’liche Yegeta- 
tion,,das K-limaxstadium, dargestellt werden. Cringe der Pflanzeiigeograph in 
konseqiienter Weise vor, so kame er dazn, sowohl den Boden von Cambridge, 
wie den von London als von Laubwaldern eingeiionimen wieder zu geben, 
o sckon Her Stadte, Dorfer, Acker, Wiesen mid eiiiige Heiden vorliandeii 
Sind. Wabrlick, weder Cambridge nocb London liegen in einem Urwalde, nocb 
ist iinser gastfreies England eine XJrwaldlandscbaft. Aber in solcben Masstllben 
miisste Enropa bis jetzt gezeicbnet werden. Dabei war es nock aiisseror- 
dentlick sckwierig zu wissen, in was die urspriinglicke Vegetation iiberliaiipt 

estanden kat. Wokl gibt es viele Gesicktspunkte, nack deneii man eine 
Kekoiistmktion vornehmen kann, aber es ist doch eben ein ganz tbeoretiscbes 
Vorgeben. Dabei wissen wir gar nicht, ob gerade in Enropa, besonders im 
vergletscherten Gebiete, wo doch friihzeitig der Mensch einwanderte und die 
• beeinflusste, wirklich dieser Znstand jemals vorhanden gewesen 

1 st bie wollen mich nicht so verstehen, als ob ich auf die theoretischen 
Kekonstruktionen keinen Wert legte. Schon die Erdkarte, die das Geo- 
^ 0 anische Institut Riibel dem Kongress als Grundlage unserer Diskussion 
ubergab, ist ja auf dieser Basis aufgebaut. Doch mir scheint, es ware von 
^ossteni Interesse, einen Schritt weiter zu gehen und eine Karte zu versuchen, 
die nicht nur die vermutlichen Klimaxstadien zeigt, sondern auch die heutigen 

Manzenweir wirtschaftlich bedingten inderungen der 

Wenn wir eine pflanzengeographische Karte herstellen wollen, die nun 
schon die wiinschenswerten Einzelheiten umfassen kann, so miissen wir 
zwei elsohne einen Masstab wahlen, der die Eintragung von Einzelheiten 

r 1 .AAono geologische Karte Enropas hat den Masstab 

L . R500 000 und auf ihr konnen Gebiete eingezeichnet werden mit 1 mm. 
im Durchmesser; wenn es sich nm streifenformige Darstellung handelt, kann 
uc arun er gegangen werden. Sollte ein Vegetationsareal dargestellt werden, 
so musste es in der Natur allermindestens die Grosse von 1,5 km. also etwa 
von einer engl. Meile, Durchmesser haben. Nocb kleinere Gebiete Hessen sich nur 
darstellen, wenn sie zusammenhangend, streifenformig waren. Dazu wird 
vorausgesetzt, dass die Gebiete flachentreu dargestellt werden miissen. Dies 
i^st allerdinp nnr bedingungsweise notig, weder Fliisse, nocb Strassen, nocb 
alles was Signatur beisst, konnen ja in wabrer Grosse gebalten werden. Also 

gIsHu SerLbem 

Die ^ossen Scbwierigkeiten liegen nicht bierin, sondern sie ergeben sich 
bei Darstellung der Gebirge, z. B. in den Alpen. Schon die aUmabligen iiber- 
gange von Kultur zu Natur, die balbkultivierten Wiesen, die aus Walder 
entstandenen Weiden erbohen die Scbwierigkeiten. Und sie werden sebr 
erbebbcb, wenn die Talbreite nur auf wenige km. zusammengeht. Was 
ann m einem Alpental alles dicbt beieinander vereinigt sein: unten. 
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Weiiiberge iind steppenartige Wiesen, Pokrenwalder, weiter oben Fichten- 
wiilder, Larclieu- uiid Arvenwalder, nebst den WeidenderalpinenStufe. Ein 
JIasstab dcr auf c])enen Gebieten geniigt, versagt im Gebirge, und doch muss 
man sick fiir etMn Masstab entscheiden. 

Damit liabeii wir schon begonnen, iiber Einzelbeiten zu sprechen, und bier 
ist eine der ersten Frageii: Was fiir Anforderungen rniissen denn iiberbaupt 
an die Unterlage gestellt werden? 

Da ist in erster Linie zu sagen, dass scbone, gut ausgearbeitete Karten mit 
ihrer Plastik und ihren Farben nicbt dienen konnen. line gute pbysiscbe 
Karte passt uns nicbt, denn auf die Farben, mit denen Ebene und Gebirge 
dargestellt werden, beispielsweise auf das in Griin gebalteue Tiefland und die 
rotbraunen Hoben, konnen keine neuen Farben aufgesetzt und keine weiteren 
Einzeicbnungen gemacbt werden. Aucb die Sehrafien und Scbummerung einer 
Karte storen immer. 

Andererseits bedarf natiirlieb der Pflanzengeograpb einer Unterlage, die 
das Vorkonimen von Pflanzen-Vereinen verstandbcb macbt. Dazu gebdren 
in erster Linie die Fliisse, die die Taler andeuten und die dazwiscben liegenden 
Hoben wenigstens vermuten lassen. Die Fliisse dienen aucb zur Orientierung. 
Je bescbriinkter im ubrigen die Unterlage ist, desto besser, ausgenommen 
vielleicbt einige wicbtige Stadte, Eisenbabnen usw., die ebenfalls zu einer 
rascben und sicbern Orientierung beitragen. Wir braucben also eine fast 
stumme Karte, nur mit Meeren, Seen, Fliissen und Bacben, die dagegen recbt 
genau einzuzeicbnen sind. Ganz selbverstandlicbsollendie Langen- und Breiten- 
grade eingetragen sein. Eine Karte, in der nocb Hobenkurven eingezeicbnet 
sind, ware von grossem Wert. 

Was fiir eine Karte Europas gibt es nun iiberbaupt fiir unsern Zweoki 
Vor dieser gleicben Frage standen vor einem balben Jabrkndert die Geologen 
bei ibrem Kongress in Bologna. Es zeigte sicb, dass es iiberbaupt keine 
braucbbare Unterlage gab. Jedes Land sucbt eben fiir seine speziellen Bediirf- 
nisse eine eigene Kartenprojektion. Die meisten europaiscben Lander finden 
diese in einer Kegelprojektion, wobei dann ein oder aucb zwei Breitengrade 
langentreu dargestellt sind. Um die Vergrosserung der Distanzen auf den 
Karten zu verringern, werden meistens kleine Korrekturen angebracbt, sodass 
eigentlicb keine ecbte Kegelprojektion mebr vorliegt. Daran, dass die Land- 
karten aucb nur zweier benacbbarter Lander zusammengestellt werden 
konnten, ist gar nicbt zu denken. Geograpbiscbe Europakarten als Wand- 
karten baben wir geniigend. Da diese aber alle nur in Masstaben von 
i : 20,000,000 und nocb kleineren gezeicbnet sind, so kommen sie, wie scbon 
gesagt, nicbt in Frage. Die Geologen wablten fiir ibre Karte einen Masstab 
von 1 : 1,500,000. Kur dieser Masstab ermoglicbt eine Karte, die als Hand- 
karte und zugleicb, wenigstens in Teilstiicken, als Wandkarte benutzt werden 
kann. Die geologiscbe Karte Europas umfasst 48 Blatter und wurde in 30 
Jabren fertig gestellt. Fik uns ist es eine sebr bemerkenswerte Tatsacbe : Hier 
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“'“‘ose Vorarbeit vor, ema Karte <le,™ Grand W 
nui Me.r«,kfcten, Seen, Jlusae und Baehe amiaeeencl, gane Buropa ein! 
schhesst, und die zugleich erprobt ist. ^ 

stelitTb nictr ifr entscUiessen, miissen wir die Frage 

nach sokben Kaief erne neue Karte bergestellt worden ist. Das Bediirfnis 

von iedem Relll <ia die Geologen auf die Darstellung 

FpL verziehten mussten, so geniigte die blosse Unterlage den 

Geogapben niebt. Scbon auf ibrem Kongress von 1891 forderten fee ete 

eine Web?! 1 T' kommen, bis England 1909 die Initiative ergriff und 
me Weltkartenkonferenz einberief, die die Ricbtlinien festlegte 1913 taC 

±3n:S'^ ^ 

s :ird rf 

Karten imbrauchbarsmd und in Deuteebr^ d 
gibt esnurawei Butter 1 

Wir seleii an diesem Bpiq-mVl ria • i ^ Breslau und 2. Ostpreussen. 

abet an* vom Aeiatieoben- u'nd ““ 

von den andern Kontinenteu eber.f.n i, * ^ Karten vorbegen, 

von den Vorschriften, so ist die S„le dUTei™ 

wir recit ^b^ied^; "ns 

an die Alpen, sindtbre Taler dnel,?? f ? '^ieder 

beriibren. In der Tat welingt es von dass sicb bier Extreme 

stufe und alpiner 

baltnisse darzustelien, obne gar zu o-pob se^ Vegetationsver- 

Muster sind zu Ibrer Orientieruno- sc^iematisieren zu miissen. Zwei 

1:1,500,000. das andere inr Malr^ “ o‘ooTSle£^^ 

Gebiet vom Gottbard bis gegen Strassburv Vweif i’ T ™fassen das 

i4.nlTora“t"^ wlrruS™ rti^* 


H. Brookmaot-Jerosch 109 

der grossen Zuge war immer ein Vorzug der russischen Geographen, wenn ich 
niir an die Eodenimtersuchiingen erinnern darf. Vergleiche der Europakarten 
init deneii der Russen ini gleichen Masstabe waren von grosseni Werte. Ein 
Zusammenfiigen dei Kaiteii ist allerdings gar nicht denkbar, denn erstens ist 
der Masstab der russischen Karten nicht genau 1 : 1,000,000, sondern 
1 : 1,050,000, zweitens ist das Gradnetz ein anderes. Aber die tibrigen Karten 
Sind im Masstabe 1 : 1,000,000 herausgegeben, sodass hier leicht Vergleiche 
gezogen werden konnten. 

Ein grosser Nachteil ist, dass die Karte 1 : 1,000,000 als Wandkarte nicht 
niehi \ erwendet werden kann. Schon die geologische Karte von Europa stellt 
als Wandkarte sehi- grosse Anforderungen an Raum und ist schon sehr unhand- 
lich. Eine Karte 1 . 1,000,000 ist sicher keine Wandkarte mehr, nur noch 
eine Handkarte. So komme ich dazu zu empfehlen, mit weniger zufrieden zu 
sein und vorerst eine Karte 1 ; 1,500,000 ins Auge zu fassen. Ihre Unterlage 
ist fiir ganz Eiuopa durchgefiihrt, und die Ausfiihrung konnte sofort an die 
Hand genommen werden. Es ware verlockend eine Karte 1 ; 1,000,000 zu 
besitzen, doch die Verwirklichung scheint mir noch in gar weiter Feme zu 
hegen. Doch wenn ich zu einer Karte 1 ; 1,500,000 rate, so ist dies eine ganz 
subjektive Ansicht, die andere gegenteilige Meinungen wohl versteht. 

Andere Karten von Europa stehen nicht zur Verfiigung. 

Wenn wir heute eine pflanzengeographische Karte herstellen wollen, so 
sind wir merkwiirdigerweise eigentlich fast frei von jeder Konvention. Wohl 
sprach schon 1910 Schroter da von, dass eine gewisse gemeinsame stille tJberein- 
kunft bestehe: Die Steppen und Wiisten seien meistens in gelben, die Nadel- 
walder in griinen, die Laubwalder in violetten, die Gewasser und Siimpfe in 
blauen Tonen dargestellt. Eine Nachpriifung der in den letzten Jahren 
erschienenen pflanzengeographischen Karten zeigt, dass eine solche Kon- 
vention tatsachlich nur recht wenig beobachtet wird, ja, dass sogar der gleiche 
Autor die Farbgebung oft wechselt. Noch viel schhmmer steht es ja mit den 
pflanzengeographischen Zeichen. Doch bleiben wir vorerst bei den Farben. 
Die Ungleichheit der Farben macht das Kartenlesen miihsam. Jede Karte 
braucht zu ihrem Verstandnis gewissermassen ein eigenes Studium und ein 
Vergleich ist sehr beschwerlich, fiir den nur etwas Fernerstehenden ausge- 
schlossen. Dem Geographen machen wir es wahrlich nicht leicht, sich unserer 
Karten zu bedienen. Mit Recht betont Scharfetter^- (S. 80), dass Vergleiche 
aus den verschiedenen Florengebieten erst angestellt werden kbnnen, wenn 
einmal Arbeiten in moglichst gleichartiger Farbengebung vorliegen. Die Frage 
ist auf alle Falle eine dringende und sie sollte vor, oder wenigstens gerade mit 
der Herausgabe der Europakarte geklart werden. Unser wildes Chaos wahrt 
nun reichlich lange. Schon vor 50 Jahren sind die Geologen einig geworden, 
die geologischen Karten sind ohne Weiteres miihelos lesbar. 

^ ScHARFETTEB, Er. “Die kartographische Darstellung der Pflanzengeseilscliaften.” Abder- 
lialden, Handhuch der hiologischen Arheitsmethoden, Abt. 11, Teil 4. 
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Wird eine intemationale Farbengebung aufgestellt, so muss auf alle 
Pflanzengesellscbaften der Erde Riicksiclifc genommen werden. Wir euro- 
paischen Pflanzengeograpben miissen den aussereuropaischen Pflaiizenvereinen 
die notigen Farben reservieren. Urn die Verbaltnisse in diesem Sinne abzu- 
Maren, mochte ich auf die Weltkarte Mnweisen, die Sie bereits in einer kleinen 
usgabe erkalten haben. Sie ist entstanden durck die Umarbeitung einer alten 
bkizze von 1917 ha,uptsachlich durch das Personal des Eubelscben ForsohunCTs- 
institutes. Aucb die iibrigen F arbenskizzen und die Zeicbenvorschlage stammen 
von dort. Dock was Sie kier seken, ist nur ein Teil der gemackten Vorarbeiten. 
Eine ganze Reike von Beratungen und Bespreckungen mussten stattfinden, 
um zu positiven Antragen zu kommen. Ick mockte nickt unterlassen, Herrn 
1 rof. Dr Rubel meinen herzlicken Dank fiir diese weitkerzige Unterstiitzung, 
die er dieser Sacke angedeiken liess, auszusprecken. 

Bei der Weltkarte gingen wir von folgenden Grundsatzen aus : 

1. Wir wollten an das bereits Angewandte uns anleknen. Es war fiir uns 
nakeliegend, in erster Linie die Vorschliige der pflanzengeograpkiscken Kom- 
mission der sckweizerisohen naturforsckenden Gesellschaft in Betracht zu 
zieken. Sie smd besonders vom friikeren Prasidenten Prof. Riibel bearbeitet 
worden. Es zeigte sick, dass wir den Farbkreis zu sekr in Anspruoli nakmen 
und beispielsweise griine Tone fiir Walder und zugleick fiir Wiesen gebrauckten. 

enn wir die ^ lelgestaltigkeit der Walder beriicksicktigeii, so seken wir, class 
die Gnmtone dabei voUig aufgebrauckt werden. Fiir die Wiesen bleibt kaum 
etwas ubrig. Die von der pflanzengeograpkiscken Kommission angewandten 
Farben mussten abgeandert werden und der Vorstand erkliirt sick bereit sick 
einer solcken Abanderung zu unterwerfen, wenn dadurck eine internationale 
Regelung m die Wege geleitet werden konnte. Von den bereits kaufig ange- 

ubernekmen: Blau fiir nasse Pflanzengesdl- 
sckaften, Seen, Flusse usw., Gelb fiir Wiisten, Steppen und aknlickes 

2. Bei der Farbengebung soli darauf Riicksickt genommen werden, dass 
in der Farbwirkung Gleichwertigkeit kerrscht. Es sollen also nickt einzelne 
Tone kerausknallen, kerausstecken und die andern zuriickdrangen. Die 
angestrebte Gleickwertigkeit kat aber ihre Grenzen. Gelb ist z.B besonders 
in oranger Sckattierung leucktender als Staklblau. Zudem: wir kommen mit 
den reinen Farben mckt aus, sondern miissen auck mit Sckwarz und Weiss 
gemisckte, also weniger leucktende Farben, ubernekmen. 

3 Das Lesen einer Karte wird erleicktert, wenn der Ton der betreffenden 
Landsckaft in ikr vorkerrsckt. Solcke Tone kelfen dem Gedachtnis und 
CTleicktern besonders auck dem Fernerstekenden und dem Anfanver das 

r ^icMger Grundsatz sckeint mir der zu sein, dass fiir verwandte 

Gesellsckaften verwandte Tone verwendet werden. Diese Forderuno- ist t^ar 
mckt selbstverstandkck, denn besonders der Detailforscker mochte verne 
Besonderkeiten kervorkeben. Wenn beispielsweise in einem Nadelwald kleine 
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interessante Flecken von Laubwald vorkommen oder sick irgendwo ein Saum 
von Fpkren mit steppenartigen Pflanzen zeigt, so ist es verlockend, diesen 
durck eine Kontrastfarke kervorzukeben. Eine solche Parbenverwendung ist 
ofters angezeigt, sie wird iibrigens auch von den Geologen ausgeiibt, birgt 
aber in sick die Gefakr der zu kaufigen und willkurlicken Anwendung. 

Die Pflanzengesellsckaften kennen selten sckarfe Grenzen, meist ist es ein 
allmaklicker Ubergang. Karten mit grossen Masstaben konnen solche Uber- 
gange wokl aufnekmen und der Forscher, der Einzelkeiten angeben kann, wird 
nickt— und soli auch nickt— darauf verzichten wollen. Aber in einer Karte 
mit kleinem Masstab miissen diese vielen und oft nur subjektiv erfassbaren 
Ubergange wegfallen. Waklt man als Farben fiir verwandte, eiiiander nake- 
stehende Gesellschaften ebenfalls verwandte Tone, so wird die Sckrofikeit, die 
in der Verallgemeinerung liegt, gemildert. Ick glaube, auf der vorkegenden 
Karte ist der tJbergang von trockenen Gesellschaften, von Wiisten und Hart- 
wiesen zu den regengriinen Waldern und sckkesslick zu den immergriinen 
recht gut plungen. Viel weniger befriedigend ist der Ubergang gegen die 
Tundra. Die Taiga lost sick gegen die polare Baumgrenze langsam auf. Vorerst 
auf ungiinstigen Boden, auf windexponiertem Gelande ersckeinen Timdra- 
flecken, bis sick diese verbinden und den Wald in einzelne Inseln auflosen. 
Wenn wir verwandte Pflanzengesellsckaften mit verwandten Tonen bezeicknen 
wollen, so miisste auch kier ein Ubergang sein und diese karte, auch an sick 
kasskcke Grenze sollte sick in eine weicke Ubergangszone auflosen. Das ist 
nun leider kier nickt mogkck. Der Fekler liegt in der Natur der Farben. 
Die Farben lassen sick als Band oder als Kreis darstellen, sie sind eindimen- 
sional. Die Pflanzengesellsckaften aber sind so mannigfaltig, dass nur ein 
vieldimensionales Farbensystem geniigen wurde, urn eine ideale Darstellung 
zu geben. Ein Ubergang vom Trockenen ins Feuchte und Nasse lasst sick 
darstellen, nickt aber zugleick ein Ubergang ins Kalte. Das Ideal, verwandte 
Tone fiir verwandte Pflanzengesellsckaften, ist nur einmal verwendbar und 
ist kier fiir die Ubergange vom Trockenen ins Nasse angew'andt worden. 

5. Ick glaube, wir sind uns alle klar, dass nur durck Farben die Pflanzen- 
gesellsckaften auf grossen Karten iibersicktlich dargestellt werden konnen und 
deshalb miissen diese normiert sein. Wir haben uns also nun zu fragen: Weicke 
fiir uns brauckbare Farbenkodices kommen in Frage? Dann miissen wir 
welter gehen und sehen, ob sie im Handel sind, ob die betreffenden Farben 
auch gedruckt werden konnen und dabei der Druck nickt zu grosse Sckwierig- 
keiten bereitet. Nun sind wir Pflanzengeograpken nickt die einzigen, die 
Farbennormen braucken, auck die Maler und besonders die Teckniker kaben 
fast die gleicken Wiinscke. Es wird gut sein, wenn wir uns umsehen, was dort 
gesckiekt. Dass unsere Systematiker so wenig mit Farbennormen arbeiten 
und in ikren Beschreibungen sick mit den so wenig genauen Bezeicknungen 
wie Bliite blau oder gelb oder rot begniigen, ist eine Sache fiir sick. 

Em alterer, weitgekender Farbenkodex ist derjenige von Valette und 
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Klincksieck, Paris 1908. Neuere Znsammenstellungen verclaiikeii wir Ostwald, 
der mehrere Eaxbenleliren lierausgegeben hat iind daher systematisch vorgelit. 
Ostwald stellt seine Farben kreisformig ziisainmen und reclinet mit vier 
Urfarben: Grelb, Rot, Blau nnd Griin. Zwischeii diese briiigt Ostwald iiocb 
je 5 gut unterscheidbare Tone hinein, sodass er zu 24 Vollfarbeii komnit. 
Darunter versteht er reine Farben, also solche, die weder Weiss- noch Scliwarz- 
gehalt aufweisen. Durch Zusetzen von Weiss oder Schwa-rz, oder scHiesslicli 
Weiss und Schwarz zugleich, wird der Ton veraiidert. Von jedem Ton konneii 
solche Abaiiderungen hergestellt warden. Dies zeigt sich am besten durch eiii 
farbengleiches Dreieck, wo der Ton zweidimensionai abgeandert wird: durch 
Beimischimg von Weiss, durch Zugabe von Schw^arz und dazwischen durch 
eine Beimischung von beidem. Wir sehen, wie im entstaiidenen farbengleicheii 
Dreieck viele neue Tone herausgekommen sind. Der Pflanzeiigeograpli kaiiii 
von ihnen nicht alle gebrauchen. Zu starke Schwarzmischimg maclit zu diiiikel, 
zu starke Weissmischung zu hell. Aber aus diesen Tonen konnen wdr 
doch mindestens 8 herauslesen, sodass 8 x 24, als 192 Tone zur Verfiigimg 
stehen. 

Zweifellos bertihrt die Verwendung aller dieser Tone nicht aiigenehm. Niir 
wenn Tone mit gleichem Schwarz- und Weissgehalt imtereinander im gleiclieii 
Abstand verwendet warden, sind sie unter sich harmoniscli. Wir sind aber 
gezwungen, viele und unterscheidbare Farben heraiiszubekommeii, und deshalb 
kann das Kartenbild nicht harmoniscli bleiben. Wie wiinschensw'ert ware es, 
nicht nur eine sachlich klare Vegetationskarte zu erhalten, sondern aucli eine 
solche mit harmonischen Tonen. Das ist nun leider nicht denkbar. Dass wir 
auch hieriiber Studien gemacht haben, zeigen diese drei Karten, wobei nur 
klare Farben, also ohne Weiss- und Schwarzgehalt, verwendet wurden. Sie 
sehen, wie auf diese Weise der ganze Farbkreis schon verbraucht ist. Doch hier 
sind ja nur die klimatisch bedingten Pflanzeiigesellschaften dargestellt. 
Daneben sind noch die edaphischen und die Kulturformationen zu beriick- 
sichtigen. Fiir diese blieben keine Farben librig. Doch in einer Beziehung, so 
scheint mir, sollte die Verw^endung der Tone festgelegt werden: Fiir extreme 
Gesellschaften schlage ich vor, die Urfarben zu verwenden, namlich: 

Valette und 




Klincksieck 

Ostwald 

Tanner 

1. Trockenwiisten 

gelb 

206 

1 

18/1 

2. Kaltewdisten 

rot 

26 

7 

18/65 

3. Tropische Regenwalder 

griin 

356 

19 

18/185 

4. Plankton, Siimpfe 

biau 

426 

13 

18/137 


1. Trockenwusten. Gelb wurde fur die Wiiste sehr haufig verwendet, und 
da der Mangel an Griin fiir uns das Charakteristische der Wiiste zu sein scheint, 
so haftet der gedachtnismassige Eindruck. Von diesem Gelb kann sehr leicht in 
alien Abstufungen das Griin erreicht werden. 

2. Kalteiviisten. Diese kommen in der Nahe der Pole, aber auch in grosserer 
Meereshohe vor. Fiir Gebirge wurde schon vielfach Braunrot verwendet. 
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sodass dadurch. dieser Ton verstandlich ist. Bereits Drnde hat diesen Ton fiir 
Kaltewiisteh vexwendet. 

3. Regenwdlder. Die starkste Pflanzenentwicklung mit Griiii zu bezeichnen 
ist gegeben, trotzdem wir zugeben, dass bei dem grossen Wechsel der Pflanzen- 
gesellschaften die verschiedenen Abstufungen von Grxin schwer durchzufiihren 
sind. . 

Die zwischen diesen extremen Fallen liegenden Pflanzengesellschaften 
sollen Zwischentoiie erhalten iind zwar, soweit moglich, nach dem Grundsatz : 
ahnliche Pflanzengesellschaften — ahnliche Tone. 

Ist anf diese Weise beispielsweise fiir einen Nadelwald ein Ton gewahlt, 
so bliebe dieser fiir alle Nadelwalder bestehen, aber durch Beimischung von 
Schwarz und Weiss wxirden Abstufungen erreicht. 

Auf diese Weise kommen wir zu den Farben der Weltkarte. Die verwendeten 
Farben beschranken sich auf wenige Tone, denn wir mussten Farben frei 
lassen fiir Wiesen, Siimpfe, Plankton und Kulturen. Vom asthetischen Gesichts- 
punkt aus ist gewiss nicht alles so, wie es wiinschenswert ware. Gewiss kann 
noch vieles geandert werden, doch, das scheint festzustehen, auf vollkommene 
Harmonie muss verzichtet werden. Der Fehler liegt nicht am Seheii oder 
Durchdenken, sondern darin, dass die Zahl der Farben, die das menschliche 
Auge sieht, eben beschrankt ist. 

Die Pflaiizengeographen sind, wie schon erwahnt, nicht die einzigen, die 
heute Farbennormen festlegen wollen, auch die Techniker stehen vor der 
gleichen Aufgabe. Doch schon langst haben sich jene in kleinerem Kreise 
geeinigt, wie auf ihren Planen die Farben zu verwenden sind, durch welche 
T5iie z.B. Altes und Neues, verschiedene Metalle, Art des Mauerwerkes, 
Drehstrom und Wechselstrom und dergleichen darzustellen ist. Auch haben 
meistens die nationalen Technikerverbande ihre Farben festgelegt, und, was 
sehr wichtig ist, man kann diese Farben im Handel erhalten. Dies sind 
eminente Vorteile. Das ilnlegen von Skizzen, Planen, aber auch von Drucken 
wild gefordert, das Lesen erleichtert. Ostwald hat nun den sehr grossen 
Vorteil, dass seine Tone zugleich als Deck- und Wasserfarbeii ohn.e Weiteres 
zu billigem Preise kauflich sind. Auch seine Farbtafeln sind verbreitet und 
wohlfeil. Doch ist in diesem Farbensystem noch alles im Flusse. In Bern ist 
ein Weltfarbeninstitut gegriindet worden und es ist zu erwarten, dass die 
Ingenieure durch den Internationalen Normungs-Ausschuss Isa in Zurich sich 
auf bestimmte F arbengebung einigen. Damit ware auch uns gedient, da dadurch 
der Druck der Karten eminent erleichtert wlirde. Es ist dann auch denkbar, 
dass dies in jeder beliebigen Druckerei geschehen konnte. 

6., Hand in Hand niit der Farbengebung sollten wir uns auch iiber die 
Zeichengebung einigen. Wenn auch viele Farben zur Verfligung stelien, so ist 
das Farbenlesen nicht Jedermanns Sache. Die Empfindlichkeit, verschiedene 
Farbtdne zu unterscheiden, ist verschieden, aber auch die Farbenwirkung 
hangt von der tJmgebuiig ab. Wie die Geologen fiir kleine Flachen einen 
Joum. ol Ecology XIX S 
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Aufdnick von Buclistaben imd Zei.clien braiicheii, so ancli die Pfl.aiizeiigeo-, 
graplieii. Eine Ziisammeiistellmig der in den letzten zelin Jalireii in Eiiropa 
verwendeten Zeiclieii zeigt eine Willklir sondergleicben ; ja der gleiclie Aiitor 
wecliselt seine eigeiien Zeichen. ganz laiiniscli. Die von der scliweizerisclieii 
pfianzengeograpliisclien Kommission vorgesclilagenen Zeichen wiirdeii reclit 
konseqiient in der Schweiz, danil aber fast niir von Issler im Elsass mid von 
Salisbury in England verwendet. Das ist fiir mich fast eine Enttaiischiing. 
Wer eine Earte mit neuen, noch nicht bekannten Zeichen heraiisgibt, wer seine 
Zeichen launiscli andert, alint wohl nicht, wie er selbst das Lesen seiner Karte 
erschwert, Er muss nicht erstannt seiii, wenn so wenig anf seine grosse Arbeit 
Beziig geiioninien wird und die verwandten Disziplinen fast achtlos daraii 
vorbeigehen. 

Die zii wahlendeii Zeichen nihssen so einfach sein, dass sie immer, so wohl 
bei der Eeldarbeit, wie aiich im Driicke verwendet werdeii koiinen. CTedriickte 
Zeichen miissen bei einer Hohe von 1 min. noch kenntlich bleiben, A.ber 
nicht niir als Einzelzeichen, sondern aiich als Flachenzeichen sollten sie ver- 
wendbar sein; nicht fur die geplante Europakarte, aber ftlr in Schwarz zti 
dnickende Kartell. Denn sehr oft sind ehen aiicli die Gelder nicht da, um 
vielfarbige Karten zii driicken. Audi kleine Skizzen, die in den Biichtext 
hineingehdren, sollten sich klar und billig darstellen lassen, 

Daiiiit hill icli ziim Schlusse gekomnien. Unsere Scliwesterwisseiiscliaft, 
die Geologic, hat sich schon langst zu einheitlicher Farb- und Zeichen gebiing 
aufgerafft. Die geologischeii Karten iiiid Arbeiten sind sehr verbreitet, und 
die Rolie, die sie; in andern Wissenschafteii, z.B. in der Geographie spieleii, 
ist Ihnen geniigend bekannt. Wie wenig verbreitet sind iinsere Karten und 
es ist fraglicli, ob wir nicht selbst daran etwas Schuld. tragen. Die vorhandeneii 
Kartell sind meist Einzelkarten. Es fehlt ihnen die Eingliederung in das 
Grosse, das Ganze, in tJbersichtskarten. Aiich sind sie nicht leicht imd rasch 
lesbar, da weder Farben- noch Zeichengehung einheitlich ist. 

Ich wende mich an Sie alle. An der Spitze dessen, was wir bediirfen, stelit 
eine Vegetationskarte Europas. Was die Geologeii in grdssereni Masstabe vor 
einem halben Jahrliundert begannen und in so wiinderbarer Weise aiich durcli- 
gefiihrt hahen, muss auf dem Boden der Botaiiik ehenfalls mogiicli sein. Ich 
bitte Sie, helfen Sie mit, jeder an seinem Oit. 



THE ECOLOGY OF THE AYRELAND OF BRIDE, 
ISLE OF MAN 

ByE.J. MOORE. 

(With Plates X to XI 11, and two Figures ami 1 Map in the Text.) 

INTRODUCTION. 

This paper is concerned with the ecology of a post-Pleistocene raised beach, 
together with that of the present beach, situate at the extreme north of the 
Isle of Man. 

The natural vegetation forms a strip of heathland fringed by a narrow zone 
of maritime vegetation occupying the blown sand, whilst the remainder of 
the former beach is now occupied, on the landward side, by an area of poor 
agricultural land reclaimed from a former more extensive heath during the 
last century. 

The area studied exhibits several features of interest: (a) it bears a heath 
which must be regarded as primitive in that it is occupying a shingly soil not 
previously occupied by a former vegetation; (6) the age of the beach, in geo- 
logical time, is known, as is the geology of the underlying strata; (c) the north 
of the Isle of Man is covered by a mantle of glacial drift deposited during an 
Ice Age when the whole of the island was covered by an ice sheet, so that the 
plants forming the present vegetation of the island must have occupied the 
land since the melting of tliis ice cap ; (d) the reclamation of parts of the heath 
to form farm land has been relatively recent and the methods adopted are 
known. 

GENERAL PHYSIOGRAPHIC AND GEOLOGICilL CHARACTERS OF 
THE ISLE OF MAN. 

The Isle of Man is one of the smaller British Isles situated in the Irish 
Sea, and roughly equidistant from England, Scotland and Ireland, from, which 
it is now separated by deep channels, though formerly land connections most 
probably existed during the upheavals in the Pleistocene period (6, 7). 

The geology of the island, which has been worked out fully by Lamplugh 
(8, 9) who embodies some of the work of Gumming (3) and Boyd Dawkins 
(1, 2), indicates that not only has the region been subjected to considerable 
earth movements, both upheavals and subsidences, but that the whole island 
was completely buried under a glacial sheet of the most recent Ice Age, this 
sheet attaining a maximum elevation of not less than 2000 to 3000 feet above 
the present sea level. The approximate movement of the ice sheet was from 
KN.W. to S.S.E., as indicated by the presence of erratic boulders carried 
from Ailsa Craig in the Firth of Clyde. 


8-2 
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Thus the north of the Isle of Man at the present time comes to be covered 
by a thick layer of glacial drift, deposited on a floor of Palaeozoic rocks, forming 
a plain north of a line drawn roughly from Ramsey to Peel, which indicates 
a^former shore line. This layer, reaching a maximum thickness of about 
450 feet at Bride, is evidently glacial detritus derived from melting ice in the 
form of both glaciers and bergs (1), and is composed of material foreign to the 
rest of the island. 

THE AYEE. 

Physiographic and Geological characters. 

The Ayre is a barren strip of shingle at the northern extremity of the drift 
plain previously mentioned, rising from 10 to 25 feet above high-water mark, 
and covered in places by low dunes of shifting sand. To the east its width is 
Ig miles, but as it passes westward it gradually narrows to a strip 50 yards 

or so in width, appearing like a storm beach, the entire length beino- about 
4-|- miles. * 

This shingle zone is undoubtedly a raised beach and represents the only 
post-Glacial marine deposit, above the present sea-level, recognisable in the 
island. Its landward hmit is sharply defined by ancient cliffs carved out of 
the original drift deposit, the height of these cliffs being about 90 feet above 
high-water mark at the Point of Ayre. The beach must have been slowly 
rising during the lYeolithic period, though the completion of the elevation 
occurred later, for the surface of the inner parts of the region bears numerous 
chipped fimts of Neolithic workmanship, whereas these are absent from the 
more seaward margin. The north end of the island was being graduaUy tilted 
upwards and shghtly to the west, as the beach at the Point of Avre has a 
height of about 25 feet, whereas to the west it is only about 15 feet. 

There is a local belief (and this must be of long standing, as it is given as 
Gumming (3), who, however, never visited the shore), that land is 
still gaming on the sea” in this region, evidently based on the fresh aspect 
of the bare shingle ridges, but the records, both of the Ordnance Survey of 
1869, and the plans of the Commissioners of the Northern Lights, of 1815 
show that there has been no recent addition of land, but rather a slight erosion 
of the coast, as is to be expected on a shore exposed to the open sea. 

Lithologically the raised beach consists of pebbles of varying size and 
constitution, along with some blown sand and occasional broken shells. The 
pebbles are up to 9 inches in diameter and consist of grits, quartzites, vein 
quartz, red and purple sandstones, sandy slate, conglomerates, flint, diabase 
basalt, felsite, mica trap, mica schist, gneiss, granites and carboniferous hme- 
stone; so that such a “soil” is both very porous and poor in Hme, and in most 
^tances weathers slowly. Those shells found are of present forms of the neio'h- 

bouring sea, including oyster, mussel and whelk. . 

The blown sand, occurring on the shingle of the Ayreland, is not large in 
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quantity, owing, partly, to the absence of estuarine silt, and to the occurrence 
of deep channels close inshore, which tend to wash detritus seaward, and partly to 
the absence from this region of suitable rock which would weather to form sand. 


DRIFT MAP 


NORTH OFTHE ISLE OF MAN 


Scale. 


FClNTOrAYJfE 


BALlAQHENNte^ 


MSTAL 

V K<ransto^•r^] 




^^RAMSEY 




,#</ 1(1 


if r 

ikkWichae! 

%% ,4''^S!ieu Dhoo ( 
1^*';'/"' ’130 ft. I 

issQ.ft, 





V.# 

# Slieu Chont ^ i 
1809ft. ^ 


Plain of 

Gl ac iaX Drift, 


Ra-iicd Beach. 


Ancient Cliff 
of Qlacia.1 Drift. 







The Ecology of the Ayrelmid of Bride, Me 


area. THs inland region probably represents the maritime fringe of the time 

wlieii tlie sea level was liigher. ' 

_ There is also a narrow strip of blown sand along the shore, but this is small 
in amount, and though forming low dunes in some places, is generally in the 
mobile state, ^ gradually moving from west to east along the shore wlience it 
apparently disappears into the sea. There is no deep zone of dunes as is found 
m those coastal regions with more abundant blown sand. 

The present beach is a fairly steep narrow zone of shingle and pebbles 
with a small ridge of sand exposed at the lowest tides. The pebbles are similar 
m size and composition to those of the raised beach. 

There is an absence of springs and streams from the region, though at 
one point there is a ditch leading water on to the Ayre from a iow-hdng inland 
marsh, but the water from this gradually percolates through the subsoil and 
isappears at a point about 400 yards from the sea. Several wells have been 
sunk through the shingle and the average depth is 25 to 30 feet, water being 
replenished by the percolation of surface rainfall, supplemented by drainage 
from the Bride hills. ‘=’ 

The depth and nature of both the shingle of the raised beach and of the 
glacual drift beneath have been fully investigated by Prof. Boyd Dawkins 
1/+T superintended the series of borings made along the north coast 
of the island during a survey for coal. These borings indicate the depth of 
the raised beach, consisting of sand, shingle and pebbles, to vary from 15 feet 

f f and subsoil are 

piaotically identical. There was no indication in the borings of any peaty 

material or other evidence of a previous land surface with vegetation,' though 

to note that post-Pleistocene peat deposits in the drift at Kiih 

^ inland, have yielded the Arctic' species Salix herbacea 

and Vafex alp%na. 

Rainfall and Wind. 

Since 1825 the records of rainfall and wind, at the Point of Ayre, have been 
kept by the keepers of the hghthouse, and it is to them and to the Commis- 
sioners of Northern Lights, Edinburgh, that the writer is ihdebted for the rain- 
fall fibres for the years 1917-27, and for a wind summary over the same period. 

e mean annual rainfall for the area is relatively low, being lowest durinv 
the spring and summer months, when parts of the vegetation become scorched'’ 
and highest during the winter, though the actual difference is not very great’ 
The mean annual rainfall for the period 1917-27 was 27-44 inches, being highest 
m 1921, when 31-36 inches were recorded. 

The wind records show a prevalence of winds from the western half of the 
compass (m 1917 the wind blew from a westerly direction on 177 days and 
from an easterly direction on 116 days; in 1927 the figures were 188 and 107 

respectively), and this has an effect on the disposition of the blown sand which 
tends to be moved eastwards. ’ ^ 
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Tlie strongest winds are tliose from the N.W. and N.E., which blow against 
the seaward fringes of the raised beach and frequently serve to throw up the 
higher tides on to the lower parts. 

Biotic Factors. 

The Ayreland, being a sandy area away from any great hmnaii activity, 
has been colonised by rabbits, which here reach a density greater than else- 
where in the island. 

The rabbits graze on the grasses and the more juicy shoots of the xero- 
phytes, keeping the vegetation closely cropped iii the case of some com- 
munities, and causing the formation of hummocks in others. Another effect, 
where rabbits occur in sandy regions, is the formation of ^''blow-outs” by the 
scraping away of the consolidating surface vegetation during burrowing, 
ultimately resulting in the creation of areas of bare sand which become re- 
colonised in a definite succession. 

The Ayreland is also used as a pasturage for small flocks of sheep and an 
occasional goat, and their grazing has the same general effect on the grasses 
as the rabbits’, in keeping a close-cropped turf. 

Another factor tending to prevent a stabilising of the dune vegetation is 
the practice of ‘‘^pulling bent” {Aimnoiohila) for the purpose of thatching 
stacks and farm buildings. This occurs on a moderate scale at the end of the 
summer, when the grass on the mobile dune area is either uprooted, or cut 
with a scythe, so forming areas of comparatively open sand which is then 
subject to the effects of wind. This treatment of the plant stimulates it to 
spread outwards and so prevents the upward growth of a dune, and it is a 
fact that nowhere on the Ayre is there a very high dune. 


The Vegetation of the Ayre. 

The vegetation of the Ayreland has not previously been studied in detail, 
but a brief description of the region is included in a summary account of the 
Manx dune flora by Wheldon and Hartley (12). Although this description 
includes an ecological classification of the vegetation, the limits suggested are 
very broad, such that the Ayreland is included in a ^Alarram with Heather 
Association ” which the present writer considers to be an area of several distinct 
plant communities, the relations of some of which are rather uncertain. 

The coiiimiinities recognised , in the present paper (some of which have 
developed as a result of biotic influence) may be classified as follows: 

1. The shingle beach. 

(a) A sand and pebble shore community. 

2. The region of blown sand. 

(а) Community of Ammophila arenaria. 

(б) Community of the consolidated dune slope, 

(6 i) Secondary succession following rabbit activities. 
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3. Tlie Tegetatioii of the raised beach. 

A. Dry types. 

. (<'!') Heathj doniniated. by Gcd-lwiii) vidi^ctfis and Ef-tcci citwrsu^ 

(ci i) Secondary succession following biirniiig. 

(a ii) Secondary succession fonowig rabbit acti\dties—‘’diummock^ 

lieatb. 

(6) Community of Ammophila on huiuinocks — relict (?). 

(c) Creggans ’—community of Ulex eiiropaeus — invading* the 
heath. 

(d) Community of Ptendmm invading the heath. 

B. Damp types. 

(e) hfeutral grassland. 

(/) Ditch from Lough Oranstal. 

4. Arable land. . 

1. The SHINGLE BEACH. 

(u.) Scind mid pebble sdiore com/rminity. 

The present beach consists of a narrow strip of shingle and pebbles forming 
a relatively steep cliff around the Point of Ayre. The pebbles have been thrown 
up, yyy yo tides which meet at the north of the island, into terraces 
parallel to the shore line, and these are completely submerged during the 
Uglier spring tides, and during storms. During the lower tides the uncovered 
portion of the beach is but a thin strip formed of large pebbles and shingle. 

hp,- J fl ^1.?^ T ^ ^ “ diameter, 

bein flattened by wave action; a small amount of sand occurs between the 

Lnd So^r^ subsided on to the shore from the fringe of blown 

Occasional plants of the hchens Lecanora and LicUna occur on the larger 

Hgh-Se^mlrk*^*^^^^ normal 

tWal debris in the form of seaweed, owing to the absence 
from the vicimty of rocks which would bear a seaweed flora. 

^ The beach flora is scanty, and poor in floristic composition, species occurring 
s solitary pknts rooted in the shingle amongst the larger pebbles. Plants of 
CaMe manHma are found which owe their presence to the fact that the fruit 
had become wedpd between large pebbles, germination having occurred in 
an apparently inhospitable situation. The species occurring in this region are 
halophytic and consist of the following: 

Cakile maritimai o. Atriplex patula 

Arenaria peploides o. Salsola Eali 

Matricaria inodora r. Atriplex hastata 

At those points on the shore where blown sand has accumulated, there 

^ The nomenclature -of the Catahgue of British Plants, 1 1th edition (1925), is followed. 


o. 

o. 

o. 



. 


Phot. 2. A general view of the heath of the raised beach, dominated by Erica cinerea and 
Callima vulgaris. In the centre is an area dominated by Ulex Gallii. The characteristic 
grass is Feshtca ovina which occasionally becomes temporarily dominant during the suc- 
cession following rabbit attack. 
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may Tbe a subsidence of sand on to tbe pebbly beach., and this is followed by 
an invasion by Ammophila from the blown sand community above. 

In several instances, where the action of wind and tide has resulted in the 
formation of a relatively steep dune-face, the subsidence of land on to the 
beach is accompanied by the fall of pieces of Amfnophila rhizome, which may 
ultimately serve to build up a less steep dune bank. 

In all cases where Amniophila has invaded the shore community, the plants 
are subjected to submergence during the higher tides and seem to suSer no 
harm. 

2. The region of blown sand. 

At the present time, there is a striking absence from the Ayre of the usual 
dune succession met with on the coast at many points in the British Isles, 
This is due partly to the lack of abundant blown sand, and partly to the fact 
that the wind does not appear to remove the sand inshore so much as along 
the shore from west to east, where the zones of vegetation are stabilised and 
correspond, in a simplified form, with the typical succession on a sandy shore 
where the land is advancing. 

(a) Community of Ammophila arenaria. 

From Eue Point to Ballaghennie a low lying region of sand approaches 
the pebbly beach, and this, though clear of the ordinary high tides, is partly 
submerged when the spring tides prevail, as is indicated by the tidal debris 
thrown up on to the sand. 

The dominant plant is Ammophila arenaria, which occurs exclusively as 
the early colonist, spreading by its rhizomes and acting as a sand-binder, 
retaining the sand blown amongst its tufts. The sand gradually accumulates 
to eastward, forming a low barrier, hardly to be designated ‘‘dunes,” some 
12 yards deep and from 3 to 10 feet above the present shingle beach, being 
heaped up on the fringe of the raised beach. A^nmophila occupies the whole 
of this blown sand zone, both the seaward and landward faces, but never 
forming a really dense covering, so that the sand is always more or less shifting. 

The other species wliich occur here are present as occasional plants between 
the tufts of Marram Grass : they include the rare and local Brassica nionensis. 

The species noted in this zone are as follows: 


AmmopMla arenaria 

Dom. 

Senecio jacobaea 

f. 

Brassica nionensis 

r. 

Hypocbaeris radicata 

0, 

Cakile maritiina 

0. 

Leontodon taraxacoides 

0. 

Ononis repens 

f. 

Calystegia SoldaneUa 

0. 

Eryngium maritimum 

La. 

Atriplex sp. 

0. 

Matricaria inodora 

r. 

Festuca rubra var. arenaria 

f. 


(b) Community of the consolidated dune slope. 

The lower part of the landward slope of the dune bank, owing to its com- 
paratively greater shelter, becomes occupied by more abundant species which 
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ultimately consolidate the sand to form a covering turf which gradually 
merges into the main heath of the raised beach. Those plants assisting in the 
consolidation are mainly Garex ctrenaria, Festiica rubra, Tkynius ser^jujlluni, 
and Lotus cornictdatus, all of which have good methods of vegetative 
reproduction. 



Rue Point. 



West of Ballashemiie. 



East of Ballagliennie. 


West of the Point of Ayre Lighthouse. 

Scale, 1 cm. represents 5 yards. 

Pig. 1. Rough sections through the seaward margin of the raised beach, progressing from west 
to east. The series indicates the way in which blown sand accumulates to eastwards. This 
sand is ultimately blown across the heath and is not represented on the shore as the Point 
of Ayre is approached. 

A similar consolidation of the blown sand is found along the shore as the 
Point of is approached. The relation between the consolidated slope and 
the heath of the raised beach is not clear, but as there is a certain similarity 
in the floristic composition of the two communities, it seems possible that the 
former passes into the latter as leaching and the accumulation of humus 
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The species occurring in this zone are as follows : 


Brassica monensis 

r. 

Senecio jacobaea 

Cakile maritima 

r. 

Carduus tenuiflorus 

Viola canina var. ericetorum 

o. 

Hieracium pilosella 

Silene maritima 

o. 

Hypochaeris radioata 

Herastium semidecandriim 

o. 

Jasione montana 

Erodium cicutarium 

o. 

Thymus serpyllum 

E, maritimum 

o. 

Carex arenaria 

Ononis repens 

f. 

Agrostis sp. 

Lotus corniculatus 

f. 

Ammophila arenaria 

Rosa spinosissima 

1. 

. Festuca rubra var. arenaria 

Sedum anglicum 

a. 

Sedum acre 

Eryngiiim maritimum 

Galium verum var. maritimum 

o. 

f. 

Orchis maculata 


O. 

O. 

o. 

o. 

o. 

1 

La. 

f. 

a. 

a. 

o. 

r. 




a-b. SMngle commimity, ‘'AmmopMletum,” and sward community. 
h-d. Heath community, in some cases in the hummock condition. 

Vertical scale; 1 cm. represents 10 yards. Horizontal scale: 1 cm. represents 8 yards. 


Fig. 2. Modified transect (individual plants recorded) through the raised beach at’ Ballaghennie. 
(The high*\vater mark indicated is that of the ordinary spring tides.) 
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(6 i) Secondary succession following rabbit activities. 

Rabbits abound in tbe region and use the dune slope both as a grazing 
centre and as a site for the construction of warrens. Their activities result in 
the subjection of those species used as food, and also in the clearance of certain 
areas, owing to the loosening of the surface sand. The burrowing and scraping 
of rabbits cause the appearance of '^blow-outs/’ for, once the surface vegeta- 
tion of the slope and some of the underlying sand are removed, the wind 
assists in the creation of small or large areas of bare sand. These areas are 
recolonised by the neighbouring species. The bordering grasses and herbs 
Festuca, Galium, Thymus and Rosa encroach on the margin by vegetative 
means, but the central bare region undergoes a succession which, from the 
study of several clearings, is shown to be fairly constant. 

The usual stages in the succession consist of the following: 

(i) Lichen stage. 

(ii) Moss stage. 

(iii) Sedum anglicum — Car ex arenaria stage. 

(iv) Normal sward community. 

(i) The first colonists of the bare soil are lichens, particularly Cladonia, 
and occasionally Parmelia and Peltigera, and these become scorched up in the 
summer months to form a scanty humus. 

(ii) The lichens are either accompanied or followed by Polytrichimi which 
forms dark patches in the clearing, and other mosses may also occur, such as 
Toftula and Hypnum, 

The lichens and mosses serve to stabilise the soil surface and prepare the 
way for the subsequent colonists. 

(iii) The stabilisation of the soil having proceeded, phanerogams begin to 
arrive in the clearing. Some spread from the margin, particularly Carex 
arenaria, which does so by means of its ef&cient rhizome, whereas others 
develop from seed. The first phanerogam to appear in the more open part 
of the clearing is Sedum anglicum, which spreads rapidly, both vegetatively 
and from seed, and it may be accompanied by seedlings of Carex, Both Sedum 
and Oa/rea? appear to be immune from rabbit attack, which may account for 
their early appearance, 

(iv) By the time that the clearing has become stabilised again, other 
species, characteristic of the vicinity, have arrived, including Festiica spp., 
Agrostis sp., Thymus serpyllum, Lotus corniculatus, etc., which spread rapidly 
and complete the formation of a sward, which is then typical of the dune 
slope. 

Carex arenaria may persist in patches, but usually it becomes more subdued, 
as other vegetation covers the clearing, and is represented by occasional tufts 
only. 




^LATE X' 
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3. The vegetation oe the raised beach. 

A. Dry types, 

(a) Heath, proper. 

The major portion of the raised beach is at present occupied by a heath, 
and this is known locally as the Ayreland. This heath is undoubtedly primitive, 
though it may have been the seaward fringe of a formerly more extensive 
heath, said to have covered the northern part of the Isle of Man. Old inhabitants 
of Bride, and other villages in the vicinity, whose ancestors have lived in the 
neighbourhood for generations, describe the uplands as formerly a heath “just 
like the Ayre,’’ of which the better parts were cultivated, the inhabitants 
spending, some of their time in agricultural pursuits, and the remainder in 
fishing. 

The soil of the main part of the Ayre is coarse, being, as mentioned pre- 
viously, composed of pebbles of various sizes, together with a small proportion 
of blown sand. The landward fringe of this region bears a thin mantle of blown 
sand, which represents, in all probability, the remains of a line of low dunes 
of a former shore, part of this now being agricultural land. 

At the present time, there is little indication of the extent of the heath in 
former times, except that isolated areas of heather and gorse occur at certain parts 
of the Bride hills, and these are frequently close to areas covered with bracken. 

Whether the occurrence here of bracken indicates a former woodland, as 
has been suggested (11), or whether the Bride flora represents a relic of a more 
extensive primitive heath, is debatable. It is of interest to note that, at the 
present time, there is no natural or semi-natural woodland in the north of the 
Isle of Man. Feltham (5) mentions the barren aspect of the island in 1798, 
due to the lack of trees. 

Evidence based on fossil pollen from the post-Pleistocene deposits in the 
Curraghs (4) suggests that the climatic conditions prevailing during the de- 
position of peat in that region were sub-arctic, and that forests at that time 
must have been either absent or scanty. Fossil birch pine and oak have been 
found, however, in the higher strata of the post-Pleistocene peat of the 
Curraghs, and this may suggest the possibility of a former extensive woodland, 
degenerating into heath over the north of the Isle of Man, the surviving trees 
in the west being ultimately destroyed by a rise in the water level following 
a flooding of the Curraghs, which are now at sea-level. 

An interesting member of the heath flora of the Ayre is Usnea articulata 
which, though usually corticolous, is here saxicolous, and may suggest a relic 
of a woodland flora.. 

Trees can thrive in the vicinity, as is evidenced by the fact that planted 
species of elm, ash, sycamore and Cordyline flourish round all the farmsteads, 
some within several hundred yards of the Ayre; these trees are all less than 
100 years old and have made good growth. 
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The heath is an edaphic community, having developed on that part 
of the raised beach which has accumulated a fair proportion of organic 
matter, mainly present in the form of dry peat ('‘Trockentorf”)^ the 
percentage in some cases being as high as 13-49. Such regions are also 
definitely acid in their soil reaction (pH 5'8-6‘6) and devoid of any carbonate 
fraction. 


The dominant plants are CaUiina vulgaris and Erica cinerea which form a 
more or less complete covering in most cases, being accompanied by many 
typical heath species, along "with some members of the fiiora of the consolidated 
dune slope. 

Facies of Ulex gallii are a feature of certain parts of the heath, especially 
on slight sandy rises which are exposed to the predominant westerly winds, 
i.e. in places associated vdth a fairly rapid water loss. 

Cat ex aienana occasionally forms local societies, but these are generally 
the sites of former clearings, and in due course will become dominated by 
normal heath species. 

As has previously been suggested, there is a possibility of the heath having 
developed on an eroded maritime dune formation, the heath plants appearing 
after leaching and the accumulation of humus had produced a suitable soil. 
This view is supported to some extent by the occurrence on the heath of areas 
dominated by Amniophila arenaria. 

The species of the heath flora consist of the following: 


Calluna vulgaris 
Erica cinerea 


co-dominant 


Viola canina var. ericetoriim 

o. 

Hypochaeris radicata 

0. 

Polygala vulgaris 

r. 

Jasione montana 

f. 

Silene maritiina 

0. 

Campanula rotundifolia 

0. 

Erodium. cicutarium 

o. 

Erythraea centaurium 

r. 

Ulex gallii 

l.dom. 

Tliyinus serpyllum 

f. 

Ononis repens 

f. 

Teucrium scorodonia 

l.a. 

Lotus corniculatus 

l.a. 

Carex arenaria 

La. 

Rosa spiiiosissima 

l.a. 

Agrostis sp. 

f. 

Senecio jacobaea 

o. 

Amniopliila arenaria 

L 

Carduus teiiuiflorus 

o. 

Bescbampsia iiexuosa 

f. 

Hieracium piiosella 

o. 

Pestuca ovina 

f. 

Scilla verna 

1. 

E, rubra 



The following cryptogams also occur 

Mosses, 


Bicranum scoparium var. spadiceum 
Hypnum cupressiforme 
Polyfcriclium juniperinum 
P. strictum 
Lichens, Usnea hirta 
XJ. articulata 
Cladonia cervicornis 
C. rangiformis 

Fungi, Lycoperdon (Jaelatum 
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Phot. 8. View taken from a rise on the inland fringe of the present heath, looking over 
the agricultural land which was formerly part of it. The line of hills in the background 
is the ancient cliff of glacial drift marking the limits of the former shore. The t\"pical 
hedges, occupied by Ulex eufopaens, are a prominent feature. Note the spread of gorse 
and bracken from the hedge on to the heath. 




Phot. 9. “Hummock heath’’ near the Point of Ayre lighthouse, on a part of the r 
beach in the path of blown sand removed across the heath. The hummocks are m 
built up by young plants of Erica and Calluna which accumulate the sand bet.ween 
brcinches. 




Phot. 10. View of the “hummock” type of heath, occupying a pebbly part of the raised 
beach, Recolonisation is in progress, mosses, lichens, Sedum and Thymus being found on 
the clearings between the hummocks. 
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{a \) Secondary succession following hurtling. 

Occasionally small areas of heath are accidentally burnt, and the surface 
vegetation is completely removed. Where this has occurred the regeneration 
of the heath has been fairly rapid. Those plants, such as Vlex and Pteridium 
(an invader) with deeper-seated rooting systems, recover by vegetative means, 
and many of the herbaceous species reappear from seed. The plants that 
suffer most are the dominants, as they have a woody system that burns well, 
but are not particularly deep rooted. They cannot recover easily, as, from 
observations made in several burnt areas, it is found that both Etica and 
Callima are not readily stimulated to produce adventitious shoots. 

The period that elapses between burning and regeneration varies according 
to the soil character, but where the soil is more sandy the seedlings of Erica 
and Calluna appear in the third or fourth year, after the soil has lost the ash 
added by burning and has passed to the acid state. Other heath species occur 
as soon after burning as conditions suitable for the germination of seed obtain. 

{a ii) Secotulary succession following rabbit activities. 

“Humniocl” heath. The occurrence of the “hummock’’ form of heath is 
mainly due to rabbit attack. Rabbits nibble the larger plants of Callutia and 
Erica, and also clear out spaces between the plants by frequent scraping. Such 
activities may have kept the heath in a state of flux over a long period. 

Once scraping has exposed the underlying soil, the wind removes the 
surface soil, so that large bare areas may be formed. These bare areas are 
generally reoolonised by the neighbouring plants, in a succession very similar 
to that described in the case of the consolidated dune slope, viz. ; 

(i) Lichen stage. 

(ii) Moss stage. 

(iii) Rosa spinosissima- stage (on sandy soil). 

Or (iii a) Sedtim — Thymus — Jasfowe stage (on pebbly soil). 

(iv) Grass heath. 

(v) Normal Calluna — Erica heath. 

(i) The bare areas of the raised beach usually show a coarser type of soil 
than that of the dune slope, and large pebbles are frequently a feature. The 
larger pebbles may become occupied by crustaceous lichens, such as Lecanora, 
though their presence does not assist the succeeding colonists. 

The earliest colonists which prepare the soil are the lichens Cladonia 
cervicornis and Parmelia physodes, which grow at a comparatively rapid rate, 
and furnish a scanty humus on becoming scorched up in the summer. 

(ii) The preparation of the soil by lichens enables the spores of the moss 
Polytrichum juniperinum to develop, though in several instances this plant 
was found to be the primary invader of the clearing. At first, P. juniperinum 
occurs in pure patches, but is soon followed by other mosses of the heath 
flora, such as P. strictum, Dicranum scoparium var. spadiceuni and occasionally 
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Hypmim eupressifor7ne, and these ultimately survive in patches after tlie 
clearing has become covered with other vegetation. 

, (iii) 111 those clearings where the soil is more saiid}% the earliest phanerogam 
to appear is frequently Rosa spinosissima, developing both from seed, and by 
means of long suckers which serve to enable it to gain the more open parts 
of the clearing from the fringe of vegetation boimding it. 

In several cases this plant has also served to cover over the coarser clearings, 
as it acts as an efficient sand-binder so long as the amount of blown sand is 
not too great. 

(iii a) Where the soil of the clearing is more pebbly the earliest phanerogam 
to appear is Sedum angUciim which is in a dwarf state and spreads rapidly, 
both by vegetative means and from seed, young plants forming a striking 
feature of the clearings owing to the contrast of their reddish tinge against 
the light coloured soil. Sedum is soon followed by Thynitis serpyUuni and 
Jasione montana^ both of which flower and fruit freely. 

(iv) The mosses and early phanerogams serve to make the soil more suitable 
for other species, which include Camx a/tenaria and those grasses common to 
sandy heaths, such as Festuca spp., DeseJiarnpsia and Agrostis, Once these 
grasses enter the zone, the bare area is soon obhterated and a turf is developed 
in which many of the normal heath plants occur, including Violu cmima, Lotus 
eomimlat'us, Emlium cicntarium. Ononis repens, and Galkmi venim, as well 
as the heath dominants. The more extensive clearings remain in the grass- 
heath stage until complete leaching and a larger accumulation of humus have 
occurred. 

(v) Finally, the dominants, Calluna and Erica, take charge of the area, 
which then becomes typical heath. 

Mention must he made here of a variation in the succession sometimes 
noticed, especially in rather deep clearings. After the early stages (i) and (ii) 
have commenced, seedlings of Erica and Callima are found occurring along 
with a sparse growth of lichens and mosses. This may be connected with the 
soil reaction (which may he affected by lichen acids) for that of two such 
clearings was found to be relatively acid, viz. pH 5-8. The young Erica and 
Oalluna plants gradually accumulate sand particles and plant debris, and 
spread outwards and upwards to form small hummocks, which also become 
occupied by lichens, mosses, and the colonising phanerogams. The bare parts 
of the clearing generally follow the usual succession, but by the time the soil 
is covered with vegetation the dominant plants are in control, so that the 
clearing does not pass through a grass-heath stage. 

It thus comes about that ‘"hummock” heath is partly retrogressive, 
the hummocks being “islands” left by biotic attack, but parts may be 
progressive, the hummocks being accumulations of blown sand built up from 
the level by heath plants. In many cases the two types of hummock occur 
together, . 









Phot- II. Near view of a late stage of the recoloiiisation of ‘'humniock heath.” The low-growing 
plants of Seduni, Thynms and Lotus are stabilising the small amount of blown sand, and the 
smaller plants of Erica and Calhina are spreading outwards. 
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Phot. 12. The landward slope of the dune bank at Ballagheniiie. It is occupied by A'Wiwio- 
phila and various sward-forming plants such as Thymus serpyllum, Galium vermn, Festuca 
spp., Lotus co'vniculatus , Sedum anglicum, etc. Occasional plants of Brassica monensis and 
Eryngium occur. Note the cleared areas caused by the scraping of rabbits and the action 
of the wind. 
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(b) Community of AmmopMla arenaria on hummocks. 

At certain parts of the Ayre, some distance inland from the sea and sepa- 
rated from the maritime fringes of blown sand by the heath, low sand hills 
occur which are characterised by the predominance of Ammophild arenaria. 
These rises, in all probability, represent former dunes, and appear to be a 
survival of an ancient system, as they are roughly in lines parallel to the present 
shore. ■ 

In several cases the hills are occupied by a community similar in floristic 
composition to that of a typical ''grey dune,’’ and bear, besides A?mmphila, 
Festuca rubra, F. ovina, Jasione montana, 8edum anglicum, Galium rerum, 
Rosa spinosissima, Hypnum, b>vlA Peltigera, 

In other cases, where the hummock is only 3 or 4 feet above the sur- 
rounding heath, the vegetation consists of heath plants, including Oalluna, 
Erica and Ulex gallii, amongst which tufts of Ammophila occur in fair pro- 
fusion. 

It seems that these hummocks are relict, and that heath plants replace 
the former vegetation as leaching proceeds and as humus collects, the deeper- 
seated Ammophila continuing to grow in the more alkaline subsoil. 


(c) ^^Creggans^^ — communities o/Ulex europaeus. 

At the inland margin of the heath, where it adjoins the agrioulfcural land, 
there are certain sand-hills occupied by Ulex europaeus, these being known 
locally as "creggans.” Some of these '^creggans” are, very likely, former 
dunes, but others appear to be constructions of Neolithic man, who frequently 
used the abundant blown sand of this region in the construction of harrows.” 

The common gorse, here, as opposed to Ulex gallii, is an invader on the 
heath, and undoubtedly owes its occurrence to human activities. It is a 
practice, in Manx agriculture, to construct stout hedges of stones and turf, 
and to plant Ulex europaeus on them. Such hedges were made when parts of 
the heath were reclaimed for cultivation, and it is from these hedges that 
the gorse has encroached on to the heath. The gorse forms fairly pure com- 
munities, and is subduing the legitimate heath plants owing to the shade 
produced and because of its immunity from rabbit attack. In those" creggans” 
examined, the surface soil has a marked acid reaction, viz. ;pH 5*8, but it is 
possible that as there is a deep sandy soil the gorse is thriving in a more alkaline 
subsoil by deep rooting; this fact also may be a factor limiting its spread to 
the main part of the heath. Underneath the gorse bushes the flora consists 
of Erica, Calluna, Garex, Festuca, Lotus and other heath species, hut the large 
plants are in a sickly condition. 

{d) Bracken communities, 

Pteridium aquilinum is another invader on the heath, and it, too, probably 
owes its presence to human interference. The main bracken cammunities 
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occur in the same vicinity as the gorse, in some cases invading the “ creggans” 
and stifling all other inhabitants. 

The bracken is invading the heath from the arable land^ where certain 
fields of permanent pasture are very badly infested. The nearest points to the 
Ayre which bear bracken are localities where Boulder Clay (locally called 
“marl"’) is found. During the reclamation of parts of the former heath, 
“marl"’ was carted to the fields and ploughed in after the surface vegetation 
had been cleared. There is a possibility, therefore, that the bracken was intro- 
duced with the Boulder Clay, and thus spread in those fields which were put 
to permanent pasture, whilst in others it was kept in subjection by normal 
cultivation. It is from the infested fields that the bracken has spread on to 
the heath, especially at the more sandy points. It is being kept in check, 
apparently, by the nature of the soil on the main part of the heath, though 
Ptendiimi does not readily invade mature heath unless assisted by the 
occurrence of fires. 


B. Damp types. 

Mention has been made of the ditch which drains on to the Ayre 
from Lough Cranstal, causing considerable “flushing"" during the winter 
months. 

Lough Cranstal is a small lake, occupying a large depression in the glacial 
drift, receiving water from several springs, and the drainage water from the, 
Bride Hills. 

It can be gathered from old maps and deeds that the lake was formerly 
of a greater extent than at the present, and the amount of surplus water would 
also have been larger than it now is. 

At the present time, the “lough” bears an aquatic formation, approaching 
the fen type in the less deep portions, and becoming a marsh at the margins. 
The overflow from the “ lough,"" owing to the natural configuration of the area, 
drains towards the A 5 rre. The drainage channel, •which originally must have 
been a small stream, has been artificially extended at some former time to 
produce a shallow ditch, which leads water on to the Ayre at a point about 
400 yards from the sea. 

The amount of water coming down this ditch is fairly large during the 
winter, when it lies on the surface of the soil at the mouth, forming a shallow 
pool about 160 yards long and 20 yards -wide. This water percolates through 
the sandy soil and gradually disappears, so that in the summer months, when 
little or no water leaves Lough Cranstal by the ditch, the former flooded 
region appears as a green area, bearing the vegetation of neutral grassland and 
clearly demarcated from the heath which surrounds it, owing to its colour 
and in the striking absence of heath plants. 

The neutral grassland and the drainage channel will be considered sepa- 
rately. 
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(e) Neutral grassland. 

The area flooded in tlie winter montlis occupies a ricli black sandy soil 
with an organic fraction (''loss on ignition’’) as Hgb as 12*93 per cent. Dig- 
gings in tMs region give evidence of a time when tbe ditcb brought down large 
quantities of mud and silt, as a compacted layer of this material is found at 
a depth of 6 inches below the present surface. 

The soil reaction is alkaline (pH 7*6), and the organic matter is thoroughly 
decayed and well mixed with the mineral fraction to a depth of from 10 to 
14 inches. The drainage water serves to neutralise the acids of decay, etc., 
but, also, its alkahne nature and the aeration it affords must cause a greater 
activity of the soil bacteria. 

The vegetation of the drainage area consists mainly of grasses and other 
plants characteristic of pasture land, along with which are several weeds of 
cultivation. The region is extensively grazed by rabbits and sheep, which are 
instrumental in keeping the richer vegetation in subjection, so that, during 
the summer, the vegetation forms a close-cropped sward. A member of the 
flora which is characteristic of sandy soils, is Plantago coronopus, whieh is 
conspicuous at the margin of the community in the summer months, when 
the grasses become somewhat dried up. 

At the margin of the region, where the influence of drainage water becomes 
less marked, the soil reaction is about neutral, the organic fraction being 
much less than that of the main part of the inundation area, in this case forming 
a shallow surface layer. Here some of the heath species, such as Thymus^ 
Lotus, Rosa, Ononis, MidFestuca, occur along with the grasses of the central part. 

Species occurring in the region are the following: 


’^'Lolium 

sp. 



*‘'Poa sp. 1 

*Agrostis sp. 1 

Antlioxantlium odoratumj 

> co-dominant 


^Bromns sp. 

f. 

Galium verum 

o. 

Eanimculns acris 

f. 

Achillea miUefoUum 

f. 

Eanunculus buibosus 

o. 

Senecio jacobaea 

o. 

Althaea officinalis 

0. 

Cnicus lanceolatus 

o. 

Ononis repens 

0. 

Euphrasia sp. 

o. 

Trifolium repens 

f. 

Thymus serpyllum 

0. 

Lotus corniculatus 

La. 

Plantago coronopus 

a. 

Potentilla anserina 

0. 

Polygonum aviculare 

f. 

Rosa spinosissima 

o. 

Rumex sp. 

o. 

Gonopodium majus 

f. 

Urtica dioica 

1. 


Species not certain, owing to grazing. 


(/) Ditch from Lough Cranstal. 

The lower part of the ditch from Lough Cranstal can be considered as part 
of the raised beach, as it has been cut out from it and its sides are composed 
of the sand and pebbles excavated during its construction. 
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The sandy hanks can be included with the heathy as they are occupied by 
heath species, invaded here and there by Ulex europaeus, and occasionally 
bearing species common to maritime sands, such as AmmopJdlay Gefastmm 
semidecandnim and Festuca mbm. 

The vegetation of the ditch itself passes from neutral grassland, at the 
mouth, to a damper type, which is practically that of a marsh. The soil at 
the higher level contains a greater proportion of silt than the lower part, 
and is of a heavier type. The amount of water varies with the season, but, 
on the whole, the ditch receives and retains more water than the drainage 
plain’' on the Ayre. The bottom of the ditch is occupied by grasses of 
damp meadowland, along with which are certain marsh species. The 
vegetation, in a normal year, remains fresh in appearance throughout the 
summer. 

A list of species noted in this region is as follows: 


Anthoxanthiim odorafcnm La, 

Angelica sylvestris 

0. 

Alopeciirus pratensis 

a. 

Veronica cliamaedrys 

La. 

Plileum pratense 

f. 

Lamiiim album 

f. 

Poa sp. 

f. 

Plantago lanceolata 

o. 

Gatabrosa aquatica 

La. 

Urfcica dioica 

La. 

Ranunculus flammula 

0. 

Carex spp. 

f. 

Cardaniine pratensis 

f. 

Equisetiim sylvaticum 

0. 

Potentilla anserina 

0, 



4. 

The region oe 

ARABLE LAND. 



' 


■ I' 


! 1 


The agricultural land of the raised beach consists of a zone of varying 
depth, forming the landward fringe of the heath, and extending almost up to 
the present eastern beach, and some small plots of land at the Point of Ayre 
lighthouse. 

Until the nineteenth century Manx agriculture appears to have been of 
a very primitive kind. This was due to a variety of circumstances, amongst 
which were (1) the insecurity of tenure of those working on the land, (2) the 
lack of fences and hedges, (3) the absence of any attempt to improve the 
nature of the land by tilth and manuring, and (4) the lack of suitable drainage 
systems. 

Up to 1665 fences were built only for use during the summer, so 
that in the winter the land became common, and thus, uncared for. 
After that date fences were ordered to be left standing during the winter, 
the height and nature being stipulated, so that there was some incentive 
to grow those crops which would now thrive with the extra protection 
afforded. • 

During the period 1735 to 1845 attempts were made, mainly by Bishop 
Wilson, to instil some agricultural ideas into the natives, and, to some extent, 
these were successful, many subsequent improvements being associated with 
that period. Woods (13), writing in 1811, describes a simple five-year rotation 




of crops in use in parts of tlie island. This consisted of the following 
sequence: 

1st year. Potatoes or turnips, in well-manured soil. 

2nd year. Barley. 

3rd year. Clover. 

4th year. Oats. 

5th year. Peas or oats. 

In poor soils, fields were frequently allowed to stock themselves with natural 
grasses after three or four rotations, and some of these fields never came under 
tilth again. 

In 1817, the development of intensive cultivation received a set-back, in 
the form of a successful attempt to levy a tithe on crops of turnips and potatoes, 
both recent introductions to the island, and not until fairly recent times was 
there a recovery. 

The region under survey forms part of the parish of Bride, which, 
as an agricultural area, is of comparatively recent development, for 
early in the nineteenth century, farming was carried on only as a part- 
time occupation, the men being largely employed in fishing during fche 
summer and autumn months to supplement the livelihood gained from the 
land. 

As late as 1845 very primitive methods of agriculture were in use in the 
north of the island, manure being carried to the land in creels, so that only 
the more accessible and profitable pieces of land were cultivated (10). Shortly 
after this, however, scientific treatment of the land was being encouraged 
by the Government, and draining and manuring were undertaken. In 
Bride, the lighter sandy soils of the drift plain were improved by 
ploughing in marl, obtained from the abundant local deposits of Boulder 
Clay, which contained (according to Gumming (3)) from 2 to 5 per cent, of 
lime. 

Prior to this time, as mentioned in a previous section, the Ayreland heath 
was of greater extent than now, reaching, in some places, up to the foot of 
the old chffs of glacial drift, but parts of it soon came under the same treat- 
ment as the other land of the parish, and, ultimately, were added to the arable 
land. In 1861 the heath was divided up into strips and sold by the Crown. 
Many of the fields, indicated on the Ordnance map as fringing the present 
heath, date from that time, as those farmers who acquired the land hedged 
off portions and commenced active destruction of the heath vegetation. The 
heath plants were hacked off, and '‘marl,’’ seaweed, and farmyard manure 
were ploughed in, and attempts were made to raise crops. At first only grass 
was grown, but this was followed after several years by potatoes, and ulti- 
mately some of the fields were treated as part of a rotation which is in use at 
the present time, and which seems to be a modification of the one described 
by Woods. 
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The present rotation is as follows: 

1st year. Turnips or potatoes. 

2nd year. Corn (oats, wheat or barley) sown with which are grasses 
and clover, forming an undergrowth. Top dressing follows 
harvesting. 

3rd year. Hay— raised from grasses and clover of the previous year. 

4th year. Fallow. 

5th year. Corn— followed by manuring after the harvest. 

Some of the reclaimed land is stiU treated in this way, but a number of 
fields have been allowed to become permanent pasture and are grazed by 
sheep. Several of the neglected fields bear extensive areas of bracken, which 
has advanced on to the heath at certain places. 

At the lighthouse the small plots of land used as kitchen gardens were 
reclaimed from the heath over 100 years ago and were improved by digging 
in seaweed and household refuse, including ashes, largely from wood fires. 
The soil in these plots is quite rich and raises very decent crops, despite the 
exposed situation. 

The cultivated fringe of the former heath is now in a state of quiescence 
and no further attempts to extend the zone of cultivation seem likely; in 
those cases where tilth has been stopped it seems possible that the land will 
revert to a heath once more, though this may be prevented by the extensive 

growth of bracken which has taken control of permanent pasture at several 
points. 


SOTMAEY. 

1. The Ayreland occupies a former shore, composed mainly of large 
pebbles, but also bearing a certain amount of blown sand locally distributed. 

2. The vegetation of the main part of this raised beach consists of heath- 
land, domnated by Erica cinerea and Oallum vulgaris, which has developed 
as orgame matter accumulated and the soil became acid. Rabbit activities 
have served to produce a “hummock” heath at certain places, which passes 
back to normal beatli as the clearings are re-colonised, 

3. Certain sand hiUs on the Ayre are dominated by Anmophila arenaria, 
which also occurs in the modified dune formation on the seaward fringe of the 
raised beach. The inland Ammophila- hummocks may represent the relics of 
a f ormer dune system which has become eroded, so making the soil conditions 
suitable for tbe development of beath. 

4* Communities of Pteridium aquilimim and Vlex europaeus invade tbe 

heath from the bounding arable land, and may owe their presence to human 
activities. 

1 AA^' margin of the raised beach has been cultivated in the last 

100 years, having been reclaimed from the heath which formerly occupied it. 
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APPENDIX. 

Soil characters. 

During tlie summer of 1929 a series of soil samples was taken from various 
points on tke Ayre. As tke whole of the Ayreland occupies the same geological 
formation, the samples were taken from areas showing some particular type 
or phase of vegetation, and in all cases contained a large proportion of sand, 
as it is only in places where this has accumulated that vegetation has been 
able to develop. 

As the soil in all cases was either of a very loose nature, or had a layer of large 
pebbles at or near the surface, no soil borer was found to be of any use in 
gathering samples. The samples were obtained by digging with a flat trowel, 
taking soil from an area 3 inches square and to a depth of 6 inches, this depth 
being found to include the majority of the root systems examined; below 
this depth the soil was, in practically every case, completely mineral in origin. 

The organic fraction of the soil was obtained by finding the loss of weight 
on ignition, the initial weight being that of the samples heated to 100° C. 

The soil reaction was ascertained by means of a "'B.D.H. Capillator Out- 
fit”; 10 gm. of soil were mixed with 25 c.c. of distilled water and the whole 
shaken in a mechanical shaker for 15 minutes, after which the mixture was 
centrifuged and the clear liquid tested with the indicator. The indicators used 
were brom-thymol blue, cresol red and brom-cresol purple, the two latter 
being used as a check on the former for alkahne and acid ranges respectively. 

The soil carbonates were measured by obtaining the loss of weight, due 
to COg evolved, on treating the soil with hydrochloric acid in a Schrotter 
apparatus, which was first standardised with several samples of marble which 
were taken to be pure calcium carbonate. 




Coarse 

sand 

Fine 

sand 

Silt 

Clay 

Organic 

matter 

96- 1 

0*3 

0-1 

0*7 

0-86 

76-5 

2-6 

0-8 

0-5 

13-49 

92-2 

0-4 

0-2 

0-1 

5-55 
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Mechamcal analyses of three samples were made, the details being as 
follows, the figures representing percentages by weight : 

Locality 
Embryo dime 
Heatli at Bailagliemiie 
Hummock of heath plants 

The general results show that the Ayreland heath is developed on a dry 
soil, poor in carbonates and having an acid reaction. The acid reaction is to 
be correlated with the accumulation of organic matter as vegetation develops 
but a marked contrast k offered by the “ flush =’ due to the drainage water from 
Lough Cranstal collecting on the Ayre. In this area, although the amount of 
orgamc matter is high, the soil reaction is alkaline and can be explained by 
the mineral matter in the drainage water and by the greater aeration pro- 
diioed in the soil. 

The conditions met with in passing from shore sand to the stabilised soils 
bearing heath are very similar to those found in passing from the bare soil 
of a clearing to the stable soil of the recolonised clearing. 

The results are summarised below, all figures representing percentages: 

(a) Bme soils. 


Locality 

.Embryo dune ... 

Clearing in consolidated dune bank 
Clearing in bummock beatb 


2M 

7-6 

6*9~7-0 

6-8-7-0 


Humus 
(loss on 
ignition) 
0-86 
1-69 
0*82 


(6) Soils wUh sparse 'vegetation. 

Sea-wpd face of dune bank ... 0.0 ]vt-| 

Clearing in beatli occupied by licbens ... ... 5-8 i.ao 

Clearing m heatb occupied by mosses ... ... 0.o 

Clearing in beatb occupied by Rosa spmosissima 6*7~6*8 1*11 

(c) Soils with a covering of vegetation. 

Consolidated dune bank 

Heath at Ballagbennie 
Heatb at point of Ayxef 

Grass beatb 

Hummock of beatb plants at Ballagbennie 
Hummock of beatb plants at point of Ayref 
-Recolonised hummock zone... 

Gorse “Creggan” ... ... 

Inland bximmock with Hww.op/iiZa 


7-0 

6-4 

5- 8 
6*4 

6 - 6 
6-3 
6*5 
5*8 
6-4 


1*24 

13-49 

10-86 

5- 54 

6- 55 
4-57 
2-17 
9-6 

7- 46 


Car- 

bonates 

2-73’*' 

0-98 

0-36 


3-32* 

m 

0-07 

Mi 


0-75 

Mi 

0-04 

Mi 

Mi 

0-41 

Ml 

Ml 

Ml 


Water 

0-10 


0-18 

9-2 

6-4 


2-04 

4-0 


{d) Neutml grassland. 

Centre of drainage area ... ... ... 7.0 

Margin of area, adjoining beatb ... ... ... 0.9 

(e) Cultivated grassland. 

Grassland with Pteridium: (a) surface ... ... 0-0 

^ T . » , ^ (^) rhizome level ... 6-4 

Crrassland free from ... .. 0*9 

Pasture at Cranstal ... ... *** 0.3 


12-93 

3-24 


4-40 

1-00 

2-19 

2-67 


0-02 

Mi 


MI 

MI 

m 

Ml 


Mainly in the form of shell fragments, f In path of blown sand removed across the heath 
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INTRODUCTION. 

The study of Scottish beechwoods, begun some years ago, was suspended 
because no satisfactory account of their relationships to other types of vegeta- 
tion could be given until more was known about the natural' and semi-natural 
plant communities. As a result, however, of the discussion on beechwoods at 
the International Botanical Congress (Cambridge, 1930), it was considered 
desirable to have the existing information written up at once. Hence this 
preliminary account lays no claim to completeness, and the data employed 
are practically restricted to the north-east of Scotland and more particularly 
to the neighbourhood of Aberdeen. 

The introduction and subsequent history of the beech. 

Although beech (Fagus silvatica) is not considered native to Scotland, its 
behaviour as set forth in this paper justifies the conclusion that this tree is 
growing within its climatic limits and has, under existing conditions, become 
established as a successful competitor with the native flora. 

Historical evidence on the introduction of beech seems to be based on 
Walker’s observations. In view of Loudon’s (13) incorrect reproduction of 
these, it may be well to quote Walker in full. After giving measurements of 
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five large "beecli trees, lie says; ^‘The beech was not copiously planted in 
Scotland, till a little before a.!id after the Revolution ; and the trees planted 
about that period do now form in many places, considerable timber, as at 
Inveraray^ Arniston, Hopetoun House and elsewhere. But the four trees last 
mentioned, which appear to be . nearly contemporary, are of a much more 
remote aera. They seemed to have been planted single and merely as a curious 
foreign tree, in the garden of some eminent person. From their dimensions 
and manner of growth, they may be presumed, at least, to have been planted 
between the years 1540 and 1560. So that they may now be estimated at 
between 240 and 260 years old. From the state of the Ormiston Hall, and 
Newbottle tree (two of the five measured trees) it may be concluded, that the 
beech, if it meets with no accident, will grow with sound timber, for at least 
250 years (24).’’ If "Walker is correct the beech was a rare tree in Scotland 
in the middle of the sixteenth century, and was “ copiously planted ” a century 
later. By the beginning of the nineteenth century experience of the beech 
must have been fairly extensive, for Sinclair writes: the beech ‘^Hhrives well 
in a deep and sandy loam: it will even grow to a great magnitude among the 
rocks of the Highlands, where soil is hardly visible. It is not reckoned proper 
to intermix it with plantations of oak and other timber: for being a quick 
grower, and extending its roots to a distance, it overtops and starves its 
neighbours (19).” At that time good beech timber in Ross and Cromarty 
fetched 4^9. per cubic foot and in some other parts of the country from 6rf. 
to 4^. In 1843 Dickie writes: '^This tree is rather general in Aberdeenshire,” 
and ^‘From the accompanying table it will be evident that this county 
presents, in many parts, a soil and climate favourable to the growth of this 
tree (2).” About this time beech timber ‘‘never attains a high price, and is 
often a drug in the market (6).” Finally the testimony of the late Prof. Trail, 
whose knowledge of the local flora was unrivalled, may be given: “Denizen: 
long cultivated in Scotland, and freely self-sown. . . . This is one of the most 
plentiful trees of the lower levels, so readily self-sown and so fertile that it 
looks native in many places (21).” 

The discovery by Erdtman (3) of beech pollen in the Post-Glacial peat of 
Lewis, Orkney and Shetland has suggested the nativity of beech, but the 
evidence rests upon one pollen grain from each locality — evidence too slender 
to he accepted without further support. Two of the pollen grains (details of 
the third are lacking) were found under conditions which do not prevent the 
possibility that the grains came from introduced trees. Also, if the indigenous 
occurrence of pine in Shetland must be left unsolved owing to the possibility 
of wind carriage of pollen over considerable distances and to the absence of 
confirmatory evidence from fossil macro-remains, this apphes with equal force 
to the beech, no fossil macro-remains of which have so far been discovered in 
Scotland. At present, therefore, the balance of evidence is in favour of con- 
sidering the beech alien to the Scottish flora. 


A* 8. Watt 
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The evidence summarised above shows that the beech was widely planted 
in Scotland. Apart from the use of beech as an ornamental tree, the value 
of the timber at the beginning of last century may have been an inducement 
to plant, and the subsequent fall in value a reason for the survival of many 
plantations of old trees. But the study of the distribution of these is at once 
an argument in favour of its artificial spread and a clue to its widespread 
acceptance. In the main beech is found associated with cultivation, and as 
we ascend the river valleys it rapidly diminishes in frequency and is replaced 
by indigenous trees. In the lowlands of north-east Scotland generally and 
particularly near Aberdeen, the prevalence of beech may be considered an 
expression of the scarcity of native woods and of the need for shelter, for the 
beech is found chiefly in those places where plantations of trees would afiord 
shelter to crops and stock. Its suitability for this purpose is due to the wind- 
resistant qualities of this tree (1, 27), These were apparently widely recognised 
over a century ago, for in many places beech forms the chief and sometimes 
the sole (surviving) constituent of shelterbelts formed for the protection of 
agricultural crops and plantations of less wind-resistant trees. It was also 
commonly planted as marginal trees to plantations of conifers, boundary trees 
to arable fields and for ornament and shelter in the neighbourhood of dwelling 
houses (20). 

Beech has not been exclusively planted in such places but occurs on sheltered 
alluvial soil, steep slopes of “dens’’ and river banks where the flora is of a 
quite different type. The small number of these examined prohibits any 
attempt at statistical analysis, but a short account is given under the heading 
Herbaceous Woods (p. 154). 

In the neighbourhood of arable cultivation beech has no opportunity of 
showing its behaviour towards other communities of plants, but where it 
adjoins woodlands its relationship to these can be studied. The subject matter 
is, therefore, treated in two parts, the first dealing with shelterbelts, a pre- 
liminary survey of which has been made, roughly from the Firth of Tay to 
the Dornoch Firth; the second with the relationship of the beech to woodland 
as shown in the neighbourhood of Aberdeen. Before proceeding a few general 
observations may be made. 

The climate of Northern Scotland. 

There, are three well-marked “cHmates” in the north of Scotland: (1) the 
Aberdeenshire type, found typically in the promontories of north-east Aber- 
deenshire and Caithness, (2) the Morayshire type characteristic of the lowlands 
bordering the Moray Firth from Banfi in the east, westwards to Beauly and 
north to Golspie, and (3) the West Highland type characteristic of the Western 
Highlands and Islands. 

In all three the prevailing wind is westerly, but whereas a high rainfall 
occurs in the west (40 in. to over 100 in. — 1016—2540 mm.) that on the sheltered 
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side of tie Grampians is muci less (near tie coast 25-30 in., i.e. 635-762 mm.). 
Tie proportion faling during tie six mentis, April-September, in tie tiree 
representative stations, Aberdeen, Gordon Castle (Moray) and Fort William 
(west Inverness) is 46-42, 49-64 and 37-22 per cent, respectively. 

Table I. Total and monthly rainfalls at three stations 
representative of the three types of “climateT’ 


Jan. 

I^eb. 

Mar. 

April 
May 
June 
July 
Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Totals 


Aberdeen 

57° 10' N. 

A 

Gordon Castle 
(Moray) 
57°37'N. 

Fort William 
(W. Inverness) 
56° 49' N. 

in. 

mm. 

f 

in. 

^ 

mm. 



in. 

,5 

mm. 

2-18 

55 

2-02 

51 

9*63 

245 

2*05 

52 

1-92 

49 

7*53 

191 

2-41 

61 

2-32 

59 

6*84 

174 

1*87 

48 

1-75 

45 

4*47 

114 

2*33 

59 

2-12 

54 

3*99 

102 

1*71 

43 

2-04 

52 

3*58 

91 

2*81 

71 

3-20 

81 

4*83 

123 

2*74 

70 

3-17 

81 

6*16 

156 

2*22 

56 

2-50 

64 

6*32 

160 

3*00 

76 

3-16 

80 

7*14 

181 

2*95 

75 

2-88 

73 

8*16 

207 

3*22 

82 

2-69 

68 

10-15 

258 

29*49 

748 

29-77 

757 

78-80 

2002 


The range of temperature is small and about tie same in all tiree types, 
lie data reveal iigi mean maxima and high mean minima for tie west coast. 
Aberdeen shares tie high minima of tie west, but has relatively low maxima, 
particularly during May and June, whilst Moray combines high maxima with 
low mimma. But tie winters are mild in all tiree types. 


Table II. 


Mean monthly maximum and minimum temperatures (° F.)K 


Aberdeen 


Gordon Castle 
(Moray) 


Jan. . 
Deb. . 
Mar. . 
April . 
May . 
June . 
July . 
Aug. . 
Sept. . 
Oct. . 
Nov. 
Dec. . 


Max. 

42- 3 

43- 2 
45*7 
49-8 
54*5 
59*9 
62-8 
62-4 
59-2 
52-8 
46-8 
42*9 


Min. 

33-4 

33- 4 

34- 4 
37-6 
41-8 
47-0 
50-3 
49*9 
46-7 
41-7 
37*4 
34-2 


Max. 

43- 1 

44- 3 

46- 6 
51*8 
57-2 
62-9 
64*7 
64-2 
6M 
53-9 

47- 7 
43-5 


Min. 

33*1 

32- 9 

33- 6 
36-5 
40-8 
46-0 
48*8 
48-6 
45-3 
40-2 
36-6 
33-6 


Fort William 
(W. Inverness) 

A 

Braemar 
(Aberdeenshire, 
alt. 1120 ft.) 

Max. 

Min. 

Max. 

Min. 

43-2 

34*6 

39*5 

29-0 

43*6 

34*0 

40*1 

28*6 

46*2 

35-0 

42*2 

29-7 

51*8 

37*8 

48*3 

33*0 

57*7 

42*5 

54*8 

37*6 

63*3 

47*9 

61*6 

43*6 

64*0 

50-4 

62-9 

46*6 

62*9 

50*3 

61*3 

45-8 

59*8 

47-1 

57-6 

42*2 

53*0 

41-9 

50*0 

37*0 

47*2 

38*1 

43*9 

32-8 

44*1 

35*2 

40*2 

29*3 


Generally tie west is mild, wet and windy, Moray is mild and dry with an 
early spring and early harvest, whilst tie Aberdeen cimate, with east winds 
prevaiing during March, April and May (and often in June) with much coastal 

1 Book of NormOs, Sect. 5, 1924. 2 Booh of Nor^naU, Sect. 1. 



fog lias a cold late spring and because tbe summer temperature is low a late 
liarvest^. 


Wheat is grown in Moray and Easter Ross, but not in the West and very 
rarely in Aberdeenshire. Quercus robur and Q. sessiliflora set fertile seed in 
Moray but not near Aberdeen. Beech grows and sets seed in all three tjrpes. 
It does not, however, produce ripe fruit at Balmoral nor Braemar, where the 
maximum summer temperatures are relatively high but the spring minima 
are low {v, data). These low spring temperatures probably account for the 
inability of the beech to produce ripe seed. 

The beech and latitude. 

As a planted tree, beech occurs in every county in northern Scotland, its 
vigour varying much according to soil and exposure to wind. It sets seed as 
far north as Caithness (lat. approx. 58° 30') and under the humid conditions 
of the west coast, for example, at Inverinate on the Kyle of Lochalsh in west 
Inverness-shire. 

Subspontaneous beeches have been seen at Rosehall, in Siitherlandshire, 
and in Argyllshire, and doubtless occur elsewhere in the west. Beech regenera- 
tion is general along the east of Scotland. 

In Scandinavia planted beech grows at lat. 67° 56' N. where it sets ripe 
seed (10). 

The beech and altitude. 

H. B. Watt records the beech at 1100 ft. (335 m.) at or near the village of 
Braemar in Upper Deeside (26). In the neighbouring valley of Strathdon the 
beech is growing near Allargue at an approximate elevation of 1350 ft. (411 m.) 
and at the village of Tomintoul at about 1150 ft. (350 m.). At both places 
the beech appears to be quite healthy but attains no great size. 

The highest elevations at which reproduction has been observed are at 
Glendye (alt. 500 ft. — 152 m.) and at Craig Castle (alt. 700 ft. — 213 m.). 
Mr Edwards, forester at Balmoral (alt. 950 ft. — 290 m.) informs me that he 
has seen no fertile seed there, although planted trees grow moderately well. 

In Norway beech planted at 333 m. forms seed (11). 

The eoem and heig-ht growth oe beech. 

In several places the beech attains a height of over 90 ft. (27 m.), producing 
in canopy a long clean stem comparable to those on the South Downs. On 
the other hand, while the trees of some plantations do not much exceed 50 ft. 
(15 m.), in no observed examples do the trees assume the wind clipped bush 
forms such as are found on the exposed Jutland heaths, nor the crooked stems 
of the old beeches in Rold Skov in North Jutland (25). In Denmark racial 

^ TMs brief account of tbe climatic conditions is condensed from fuller information supplied 
through the instrumentality of Mr G. G. Esslemont, Aberdeen, whom I wish to thank for Ms kind 
assistance. 
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forms W been ^discovered ( 17 ), and opinion is divided how far on certain 
soils bad forms ’’ (wrange hogen) are inherent and how far caused by the 
environment. Here, however, there is little difference in the stem and crown 

form of the trees, and the differences in height attained are correlated with 
habitat differences. 

Loudon ( 14 ) mentions a number of trees of 70-90 ft. (21-27 m.), and 
Hunter (9), trees from 100 ft. (30 m.) to “an entire height of 120 ft. (37 m.).” 
Trees of over 90 ft. (27 m.) are, however, exceptional and found only in 
avourable situations, the usual heights varying from 60 to 80 ft. (19-24*m.). 

As the beech sets seed freely on the low ground, it is clear from the pre- 
ceding data that the chmate of the lowlands of the north of Scotland is quite 
smtable for beech growth and regeneration. 

PAET I. GRASSY (SHELTERBELT) AND HERBACEOUS BEECHWOODS. 
Grassy (shelterbelt) beechwoods. 

Belts of woodland of varying width but often about 80-150 ft. (24-45 m.) 
and variously oriented are found in situations exposed in different degree. 

ome ave been planted as continuous belts bordering estates or round arable 
hel J, others running north and south protect crops and stock or are planted 
on the south or west sides of coniferous woods. The predominant constituent 
0 these woodlands is beech, and there is reason to believe that it was so 
planted, although decaying stumps show that in some woods where beech is 
now pure, other trees (e.g. silver fir, larch) were at one time growing with it. 

The soils upon which they are planted vary in depth and less so in texture 
the information on this subject resting mainly on occasional exposed root 
systems and the surface soil layers. GeneraUy the soils may be described as 
sands or sandy loams, their composition varying according to the geological 
formation (Old Eed Sandstone, Triassic Elgin Sandstone, Granites, etc.) from 
which the glacial till has its origin. Some of these soils are ridged, and indicate 
at least preparation for arable cultivation, although the presence of numerous 

plougSd''' actuafiy 

Most of the trees in these shelterhelts are old, probably 100 years or more 
and, although the canopy is usually continuous, the trees are not as a rule 
dense upon the ground. The height of the crowns and the width of the belt 
exclude hght as a factor having a deciding influence on the composition of the 
vegetation in different parts of the belt. (This is true of course only for those 
shelterbeEs which are open on both flanks.) In fact this shelterbelt vegetation 
is speciahsed and may he compared to the vegetation of the exposed margins 
of some Damsh beechwoods ( 18 ), but in our case there is no hinterland of 
^tehUsTed comparison may be made and relationships 
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The shelterbelt beechwoods consist only of two strata, tie tree layer and 
tlie layer of grassCiS and berbs. Tbe sbmb layer exists only in embryo in tbe- 
scattered and sometimes frequent small rowans and in the locally frequent 
rowans in gaps. In the subsidiary vegetation the hemicryptophytes pre- 
ponderate. 

There are two distinct types, the Hohus type and the Deschampsia type, 
named after the respective dominants, Holcus mollis and Deschampsiajlexuosa, 
Generally speaking the Holms type occupies the less exposed areas, the 
Deschcmvpsia type the more exposed. The main species of each type with their 
constancy and average frequency values are listed on pp. 146, 147. These 
data are obtained from thirty-one examples of the Holcus type and twenty- 
two of the Deschampsia t}q)e. 

The chief obvious factor differentiating these two types is exposure to the 
wind, but this is modified by the soil quality and tree root competition. Beech 
leaves when dry curl up at their edges and are readily blown away during 
the winter months from the low-growing mat of Deschampsia whose form is 
determined partly by the shade and partly by the root competition of the 
beech trees (for experimental evidence, Part II : Tree roots and the subsidiary 
vegetation). Locally where the wind has not the same free play, Holcus and 
its associates are found, e.g. in hollow stumps, in soil depressions, in cart 
tracks and betw^eeii boulders. Where shelter exercises an influence over a 


greater area, then the Holcus type replaces the Deschampsia, and this is 
found as a narrow strip behind dykes on the windward side and, to a greater 
extent, in the rear of the shelterbelts where some of the litter accumulates. 
Unlike Deschampsia, Holms has a growth form which tends to retain the litter, 
and this property enables the Holcus community to extend at the expense of 
the Deschampsia, for, along the boundary, the removal of the litter reveals 
the dead remains of Deschampsia flexuosa. 

Besides originating in this way the Holcus type is found generally in the 
more sheltered places, but within it Deschampsia is locally dominant, especially 
where the ground is slightly raised, e.g. at the foot of trees, and where locally 
there is greater exposure to the wind. But this type may be found even in 
relatively exposed places if the soil is fertile. 

In addition to the above, and indeed connected with them, is a third factor, 
root competition. Holcus is seldom absent from the Deschampsia type, and 
apart from its occurrence in sheltered places it is an occasional constituent in 
many of the woodlands. In some of them tufts of well-grown Holcus are found 
on the raised mat of Deschampsia which is occasionally found round the bases 
of beech trees. These tufts are more frequent on the south-west sides. Also in 
some gaps Holcus increases in vigour and frequency, and this is not wholly due 
to the additional light but to the diminishing severity of tree root competition. 
Root cutting experiments support this. Further, the addition of litter held 
in place by wire-netting not only kills out the Deschampsia but promotes the 
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normal growtli of even in exposed woods. Apparently therefore the 

aerial parts of Holms can withstand exposure to the wind provided the sub- 
stratum supphes the needs of the plant and both the cutting of the tree roots 

^^dentt ^bout similar results. (For experimental 

vidence, v. Part II. Tree roots and the subsidiary vegetation.) 

Comparison of the Holcus and Deschampsia types. 

( 1 ) Flofistic composition. 

Tree lay m. In the Holcus type fourteen tree species are found as compared 
mth mne m the Deschampsia type. With the exception of Qu^ms LiM- 
>m these nine are common to both, and the foUowing are absent from the 
D^champsiatjpe: Fraxinus excelsior, Castanea vesca, Tilia vulgaris, Acer 
plMancndes, Prcea excelsa, Prunus avium. It is impossible to state how far this 
(bfference is due to the habitat, directly or indirectly, or merely to differences 
the original planting, but Deschampsia beechwoods, now pure, show stumps 
of other species, e.g Aims pMinaia, and possibly other conifers. The frequency 
AfterT accompanying beech are nearly always low^ 

come rohur with 4 in the Holms and 

Measmements and estimates of the height attained by beech yield an 

!nd 80 fn T1 -5 ft. (20 m.) (average of 27= extremes 41 

4 ft a ‘ m Usn^V ''' ? ^ Deschampsia type are on an average 

Ja' tJ " • Sanation is found in the same wood, trees on the windwaJi 

in the Holcus tpe are better grown and more free from lichens, but the 
occurrence of these is very variable even within one wood, and trees with 
lichens stand si^de by side with those without. Wliile recorded from all aspecte 
of the stem, lichens are most prevalent on the north and west sides. Assocfated 
pecLlZ “ the beech with the exception of Abies 

In the Holcus type beech seedlings are, over all, frequent, in the Des- 

Th?flll?d’ ^ diSerenoe due to factors already discussed (28). 

Sadrt f f T 1 ?'' 'I y®ung growth is unable to make 

headway under the beech canopy and is almost restricted to gaps in both types 

foSTTn ’ from common, and in the Deslampsia ty^ is 

und m gaps where Vacamum myrtillus dominates. In the Holcus tYve 

ZZ; 

_ Acer pseudoplatanus seedlings are occasional to locally frequent in the 



In the Holcus type seedlings and young growth of Fraxinus are frequentj in 
some woods abundant, and are growing successfully in gaps, particularly on Old 
Red Sandstone, where suppressed small plants several years old are found under 
canopy ( 29) . By contrast ash seedlings are recorded only once from the Bescham^- 
na type on Boulder Clay derived from metamorphic rocks, and these were wilting 
and had discoloured root tips. They are however locally frequent on Old Red 
Sandstone. 

Birch {Betula spp.) regeneration is strictly local in both, and no young 
oaks were seen. Seedlings of the following are very rare: Abies pectimta (both 
types) and Pseiidotsuga taxifolia {douglasii) (Deschampsia type). 

Shrub layer. Although the shrub layer is absent, rudiments of it show 
8 species common to both types wi\h. Hedera helix, Ligustrum vidgare, Samhueus 
nigra, Vinca ininor, in addition in the Holcus type. Sorbus auctiparia is the 
most frequent but the individuals are small, varying in height from 1 to 6 in. 
(2-5-15 cm.), and several years old. The actual number of years they can 
endure suppression has not been determined. In gaps rowan is frequent 
to abundant. On the whole it is more frequent in the Deschar^ma type, 
in which the constancy value is 5 compared with 4 in the Holcus type. All 
the other species have a low frequency and most are of sporadic occurrence. 
Sqxothamn/us has a constancy of 3 in both types: Rubus idaeiis, 3 in the Holcus 
type compared with 1 in the Deschampsia. 

Ground flora. In twenty- two examples of the Holcus type the subsidiary 
vegetation is uniform over the whole area (normal sub-type) : the remaining 
nine form the lee sides of beechwoods where, by .the retention of leaf litter, 
the Holcus type replaces the Deschampsia in the same woodland (induced 
sub-type). Of these nine, four adjoin conifer woods or the rowan-birch 
associes. This separation has been made to see how far the vegetation of the 
induced sub -type resembles or differs from that of the normal. 

Comparison shows that the following species have a higher constancy in 
the induced sub-type: nemorosa, Lastrea dilatata, Oxalis acetosella, 

Trientalis europaea, Deschampsia flexuosa, Galium saxatile, Rumex acetosa and 
R. acetosella. Proximity to woodland accounts for the higher constancy of the 
first four species (TncBtofe is not recorded from the normal sub-type). 
Deschampsia and Galium, found on slight eminences (stumps, partly buried 
boulders) where litter does not lie, represent fragments of the Deschampsia 
type. The. higher constancy of Rumex spp. is unexplained. Frequency dif- 
ferences are significant only in Lastrea. 

On the other hand Deschampsia caespitosa, Holcus lanatus and Ranunculus 
acris have higher constancy values in the normal sub-type. 

Apart from these two sets of plants, the normal and the induced Holcus 
sub-types , much resemble each other, and may for comparison with the 
Deschampsia t 5 rpe be considered as one. 

In the Holcus type there are eighty-two species : In the Deschampsia sixty- 
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* The classification of life forms apart from the trees and shrubs is according to Braun- Blanqnet {Pflamensoziologie, 1928^ pp. 249~o6): 
MM 2 =mesophanerophytes; M=microphanerophytes; N=nanoi)hanerophytes; Ch. =chamaephytes; H.r., H.s.j H.e. —hemicryptophyta rosulata, 
scaposa and caespitosa respectively; G.r. =geophyta rliizomata; T. —therophyta. 

t The average frequency has been calculated by assigning numerical values to the frequency symbols according to the scale used by T^insley 
and Adamson (this JouenaLj 1926, p. 24); “1,” however, has been taken as 1, 
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two. Fifty-four are common to both, while twenty-eight are confined to the 
Holciis and eight to the Deschampsia type. Of the twenty-eight only five have 
a constancy of 2 : the rest have 1. Of the eight, one has a constancy of 2, the 
remainder being of constancy 1. 

The bulk of the species are, therefore, the same in both, and differences in 
the frequency and constancy values account for the different pliysiogiioiiiies. 
The distribution of these fifty-four species in constancy classes in the t’wo types 
is set out below. 

Constancy 5 4 3 2 1 

Deschampsia type ... 6 6 4 10 28 

llolcus type 7 4 5 15 23 

There are only sixteen, therefore, in each type with constancy 3 or more (see 
list p. 146). Ten species are common to both lists. Of these Deschanipsia and 
Poa pratensis differ significantly both in constancy and frequency: Agrostis 
spp,, ■ Hohiis moUis and Oxalis in frequency onljy AniJioxantJmni^ Galium, 
Luzida erecta, L. pilosa and Verowica officinalis in constancy only. And it is those 
which differ in frequency that confer distinctive appearances on the two types. 

The following six species have constancy 3 or more in the Deschanipsia 
type, but less than 3 in the Holcus: Vaccinium myrtillus, Pestuca otina, Trien- 
fMis eufopaea, Calluna vulgaris, Lastrea dilatata and Potentilla ereckL 

The following six have constancy 3 or more in the Holcus type but less 
than 3 in the DescJiampsia: Viola silvatica (agg.), Veronica chaniaedrys, Holcus 
lanatus, Deschanipsia caespitosa, Dactylis glomerata and Ran/umidus acris\ 

The first set of six contains those species which are common in the heath 
woods described in Part II ; the second may be characterised as indicative of 
an environment less hostile to plant life generally. 

In addition to the foregoing data relative to constancy and frequency the 
following notes on the vigour and general behaviour of certain species are given. 

Descliampsia flexuosa. In the DescJiampsia type this plant forms a low 
continuous mat, its thickness varying with the density of the beech. Where 
beech is very dense DescJiampsia is patchy and the soil is partly occupied by 
lichens. Where the beech is much less dense the thicker mat of Deschanipsia 
may he invaded by Holcus mollis. Flowering is generally sparse, but vegetative 
vigour and flowering are much increased by cutting the tree roots. 

In the Holcus type, Deschanipsia is distinctly local, being found generally 
in places more exposed than the normal, and occasionally where the tree stems 
are denser. 

Holcus mollis. In the DescJiampsia type, Holcus is generally an occasional, 
non-flowering, undersized plant. Its frequency and vigour are higher in 
favourable places, such as cart tracks, soil depressions, among boulders, in. 
decaying stumps, in the neighbourhood of rabbit burrows, upturned roots, 
in gaps, among 8 in. (20 cm.) tall Vaccinium niyrtillus, on heaps of dumped 
soil, and occasionally at the foot of beech trees. Generally speaking Agrostis spp. 
acoompany Holcus in places rendered suitable by the presence of leaf litter. 
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Oxcilis acstosellii. While generally distributed as an occasional plant in the 
Deschampsia type, Oxcdis usually remains a small non-flowering plant with 
leaves from 6 to 9 mm. across. In the Holcus type and its representative frag- 
ments in the Desckcmipsia type, OxaMs grows much more vigorously with 
leaves often 1 in. (2*5 cm.) across. Anemone nemorosa behaves in the same 
way as Oxalis. 

Vaxdmmn mprtilhis. As a small plant with a semi-procumbent stem about 
3 in. (7*5 cm.) long, Vaccinkmi is generally distributed in the Descliamps%a 
type. Along wood margins and in gaps it grows much more vigorously, and 
may become locally dominant attaining a height up to 14 in. (35 cm.). Under 
shade the vigour of the small plants is unaffected by cutting the tree roots. 

In the Holcm type its occurrence is local; it is generally found where 
Descham2ma occurs . 

Mosses. All the eighteen species recorded from the Deschampsia type are 
found in the Holcus type, which includes the following additional three . 
Catluifinea ‘unchdata, Euxhynchiuni pilifeTum and E. striatum,. 

For those with constancy 3 or more see the list of species, p. 147. Seven 
species are common to both lists: in the Deschampsia type Hylocomium 
splendens and Hy^ynum scJkreberi are additional, and in the Holcus type 
Eufliynchium pfaelonguni^ E. tnyufuni and CatJiarinea undulata. 

The resemblance to the conifer heath woods of Part II is again emphasised 
in the distinctly higher constancy and average frequency of Eyloconiium. 
splendens and Dicra^num scojMfium, and in the higher constancy of Hypnum 
schreberi. Eurhynchium praelongiini has a higher constancy in the Holcus type^ 
whilst Catliarinea undulata is limited to it. 

All the species of vascular plants and mosses are found in several plant 
communities and probably none has a higher exclusiveness value than 2. 

(2) Life form,. 

The percentage distribution of the life forms of the ground vegetation of 
the two types is given below. The numbers in brackets are the actual numbers 
of species. 

Table IV. 


Ch. H.r. H.S. H.c. 

rin species Deschampsia 20-5(13) 17-5(11) ,24(15) 22(14) 

type ^ 


G.r. G.b. G.rad. T. Total 

8(5) 1-5(1) 1-5(1) 5(3) 100(63) 


Holcus type 


species Descliampisia, 
with con- type 
staiicy 3 Holcus type 
or more 

species ■ Deschampsia 
found in type 
one type Holcus type 
only 


63-5 (40) 

14-5(12) 14-5(12) 32-5(27) 


22(18) 8-5(7) 


11(7) 

1 ( 1 ) 


1(1) 6(5) 100(83) 


69-0 (57) 
1 

1 

2 

14 


10-5 (9) 


3 

2 

0 

2 


18 

18 

8 

28 
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Tlie significant feature in tlie first two sets of spectra is tlie liigli per- 
centage of cfiamaepliytes, wHcli may be interpreted as due to tlie proximity 
of tbe sea and as an expression of tlie relatively mild winter conditions 
experienced in tlie lowlands of tbe north-east of Scotland (p. 140). In this 
connection reference may be made to Ruhifs friMcosus (agg.) which is given 
by Ramildaer as a hemicryptophyte in Denmark, but which in the lowlands 
of eastern Scotland is chamaephytic or phanerophytic. Inland, at higher alti- 
tudes on Deeside, Rtibiis is not found, for example, at Balmoral (alt. 950 ft. — 
290 m.); and the local residents on Deeside state that it disappears above a 
certain altitude (undetermined). This sensitive behaviour of Rybiis and other 
plants (for example Holcus mollis, which is often chamaephytic), responding 
as they do to the winter conditions of a varied topography, suggests a profitable 
field for the comparison of local chmates within a given area and for the pur- 
poses of the study of natural vegetation may connote more than plant zones 
delimited by the cultivation of agricultural crops. 

In the spectrum of species with constancy 3 or more ten species are com- 
mon to both types and the slight differences in numbers are due to the 
distribution of the remaining six in the life-form sub-classes. In the Des- 
cJianipsia type the chamaephytes Vacdniuni and CaUuna replace Veronica 
chamaednjs in the Holcus type: the rosette hemicryptophyte Lastrea (with how- 
ever a slightly higher average frequency in the Holcus type) replaces Viola 
silvatim (agg,): Potentilla, with leafy flowering stems, replaces Ranunculus: 
the caespitose Festuca replaces Holcus lanatus, Dactylis and Deschmnfsia 
caespitosa, while the rhizome geophyte Trientalis is additional in the Des- 
champsia type. 

Taking all three sets of spectra into account, there is a shght but consistently 
higher number of chamaephytes in the Deschampsia type, and a consistently 
higher number of caespitose hemicryptophytes in the Holcus type. The chief 
difference, however, hes in the pre-eminence of the hemicryptophyta scaposa 
in the Holcus type — seen in the spectrum of ‘'all species’’ and particularly 
in the spectrum of those found in one type only. 

These hemicryptophyta scaposa are nearly all tall growing herbs adapted 
to more mesophytic conditions and it is concluded that exposure to wind in 
the Deschampsia type is definitely prejudicial to the occurrence of this life 
form, A comparison of the other species supports this conclusion: those 
of the Holcus type are more mesophilous than those of the Deschampsia 
type. 

On the other hand significant species (with constancy 3 or more), the 
average height of whose leaves is nearer the ground level, tend to be excluded 
and to show a reduced constancy and/or average frequency in the Holcus type 
as compared with the Deschampsia type ; for example, Deschaynpsia flexuosa, 
Vaccinium, Galium saxatile, Luzula erecta, L, pilosa, Festuca, Potentilla and 
Calluna, 
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From this analysis and from the observations respecting the behaviour of 
some species in both types (p. 148) the general conclusion is reached that the 
habitat (including beech root competition) of the Deschamjpsia type is limiting 
tOj or less than optimal for, the species characteristic of the Holcus type, but 
that competition excludes or tends to exclude species characteristic of the 
Deschampsia type. In this competition beech leaf Htter plays an important 
part^. 


(3) Stnicture and life history. 

In the Deschampsia type the number of trees per 10,000 square feet 
(== 0-23 acre = 0*093 hectare) of five woodlands, together with the height of 
a beech of average diameter in each, are given in the following table. All the 
woodlands are growing on ridged soil except No. 2. 


dominant ... 

„ sub -dominant 

Acer pseudoplatanus sub-dominant 
Larix decidua dommant ... 

Totals 

Average girth in feet and inches of 

dominant Fagus ... 

Height of dominant Fagus in feet 


Table V. 


1 

2 

3 

4 

5 

16 

14 

29 

15 

20 

4 

1 

3 

4 

2 

2 

1 

— 

3 

— 

— 

21 

17 

36 

17 

22 

5 5i 

o 0 

3 5 

4 11 

4 7 

77 

70-5 

66 

63 

67 


No data of a similar kind have been obtained for the Holcus type. In 
neither type is there a shrub layer with normal tree density, but along wood 
margins and under a more open canopy (e.g. with 6 stems per 10,000 square feet) 
Deschampsia flexuosa is succeeded in dominance by Vaccinium myrtilkis. Here 
trees may establish themselves freely and, in the absence of grazing, rowan 
may form thickets in which are found occasionah birch and beech. Some- 
times young beech is locally dominant. 

The later stages of the life history of the Deschampsia shelterbelts seem 
therefore clear, but since these adult shelterbelts are essentially similar to 
the adult beecliwoods described in Part II (The adult beechwood), further 
description is not given here, but we may remark that the retention of beech 
leaves by the Vaccinium stems promotes the increase of Holcus mollis 
and O'xalis acetosella, whilst the improved illumination favours Calluna 
vulgaris. 

In gaps in the Holcus type, birch is on the whole more frequent than rowan 
and after felling birch may colonise the ground freely. What happens to the 
ground vegetation with opening up of the wood is not determined in all cases 
with certainty, but in some examples Holcus is followed by Vaccinium (Part II: 
The adult beechwood). 

1 Tlie same phenomenon will be more fully analysed in a paper on the vegetation of the 
Chiitem Hills to ajjpear in a future issue of this Journal. 
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An iiitexesting example of beech regeneration is found in the background 
of a Desclimnjysia shelterbelt (Pig. 1). The young beeches are from 8 to 20 ft. 
(2‘>4 to 6 m.) high, and some are supported by stilt roots arising from a soil 
covered by a layer of laminated beech leaves 1 toi] in. (2-5 to 7*5 cm.), thick, 
and so closely matted that the .surface is slippery and springy under foot. The 
present surface is altogether unsuitable for beech regeneration and is occupied 
by an open community of the plants given below, much of the surface being, 



Ficn 1. Grand hoMe. Planted beechwood on ridged soil occupies the western part. Along the 
north-west margin of the beechwood Vaccinium myrtillus (V.m.) is dominant; elsewhere 
Deschamps'ia flexuosa (D.f.). The rest of the area bears a rowan- bii'ch associes occupying the 
site of a felled conifer wood. Where beech adjoins the rowan-birch associes invasion gives 
rise to the beech associes (Fa). The arrows show the general direction of beech invasion. 

however, bare, and colonisation by vascular plants taking place very slowly. 
Dead stocks of Lastrea dilatata and larch stumps also occur. 

Sorbus aiicuparia (small) o,-— f. 

Deschampsia flexuosa o. — ^f. 

Galium saxatile o. 

Holcus mollis L 

Dicranella heteromalla f. — -l.d. 

Dicrannm seoparium o. 

Hypnum cupressiforme o. 


Luzixla pilosa 
Trientahs eiiropaea 
Vaccinium myrtillus (small) 

Mnium hornum 
Lophocolea bidentata 
Lichens 


Lf. 

o.— if. 

0 . 


O.^l.d. 

f. 

l.a. 


The removal of the layer of beech leaves uncovers dead rhizomes of Holms 
mollis in the hollows and oi Holms rhizomes and Desc]imn 2 ^sia flexuosa leaves 
on the ridges, overlying a black peaty layer 0-75 in. (19 mm.) thick. This in 
turn rests on the mineral soil. The history of the area may he reconstructed 
as follows. An area more sheltered formerly than now allowed the beech 
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litter to accumulate, overwhelming the Deschampsia and allowing the Holcus 
to extend from the hollows on to the ridges. Before or after the removal of 
the conifers, and in any case before T accinium 7nyTtilhis invaded and became 
dominant, rowan and beech regeneration took place and suppressed all other 
plants. The wind then had free play, and the accumulated litter, decomposing 
slowly, settled down and formed a mat, leaving the tree roots exposed. The 
young beeches now look unhealthy. 

Another instructive example occurs nearby, where the locally dominant 
beech, from 30 to 40 ft. (9 to 12 m.) high, has colonised and then suppressed 
dominant Vacdnium myrtilliis, whose remains are found in the humus now 
colonised and dominated by Mnimmi hornum, 

(4) Habitat. 

The main habitat difierence separating the Deschanipsia from the Holcus 
type is exposure to the wind, which may act directly, presumably with greater 
effect on the trees, but its chief effect on the ground flora would appear to be 
due to the removal of the beech leaf litter. 

In the Deschainpsia type the more xerophilous plants dominate, and 
Deschampsia flexuosa forms a black often powdery friable humus with an 
average depth of 2 to 3 in. (5 to 7*5 cm.) (extremes 0*5 to 8 in.). The mineral soil 
underlying this may or may not show definite bleaching or contain much 
infiltrated humus. On ridged soils no visible bleaching of the upper soil layers 
is found, but under the laminated beech litter mentioned above "p. 152) 
bleaching becomes apparent. The following data offer a comparison between 
the profiles of the ridged soil with and without accumulated litter. 

Table VI. 

Without litter 


1-3 cm. Deschanqysia friable humus 

35 cm. Dark sandy soil. Uniform colour throughout 

Soft humus-iron pan. Boots of trees and other plants penetrate 
29-30 cm. reddish sandy loam 
At 70 cm. grey fairly compact soil 

With litter 


2 a. About 0*6 cm. distinctly bleached layer 
2b. About 0*6 cm. containing much humus (peat) 

Next ^loTni 4-0 1 > sandy soil. Upper zone distinctly paler than 

Lowest 7*5 cm. 4*1 f lowur but no sharp line of demarcation 

3. Iron pan 

4-6 4. 25 cm. reddish sandy loam 

4*75 5. At 60 cm. grey fairly compact soil 

The existence of a distinct bleached zone and the lower pH values in zone 
2 c of the profile ''with litter,” than in zone 2 of the profile without, suggest 
a hostile influence of the compacted beech leaf litter. 



Zone 

3*6 

Uppermost 10 cm,. 4-0 

1. 

Next 10 cm. 4*3 > 

2. 

Lowest 12-5 cm, 4-3 J 


4-6 

o, 

4. 

4-75 

5. 

3-8 

. la. 

3*8 

16. 


2 a. 


2b. 

Uppermost 10 cm. 4-0 1 

2 c. 

Next 10 cm. 4*0 > 


Lowest 7*5 cm. 4*1 J 

‘i 

4-6 ' 

o. 

4. 

4*75 

5. 
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Earttwornis have been seen but they are very rare. When, however, beech 
litter is laid down and held in place, earthworms, which may have been brought 
in with the litter, laid down experimentally, do survive. 

In many of the Holcus t3rpes the soil is more sandy or of greater fertility. 
There is no accumulation of raw humus and no sharp line of demarcation 
exists betw^een the mould and the mineral soil. No distinct bleached layer 
■was observed. Earthworms are frequent, both in the ''normal” and in the 
"induced” Holms sub-types, and perhaps shelter from drying winds enables 
these animals to survive here. 

Herbaceous beech'woods. 

The short account of herbaceous beechwmods given here is merely a recog- 
nition of their existence. Only six have been examined (list of species, pp. 154- 
5). The small number is partly accounted for by the fact that few exist 
compared with the number of grassy shelterbelts and that in the situations 
bearing a vegetation of this kind other broad-leaved trees have commonly 
been planted either wdth or without beech. 

Table VII. Herbaceous heeckwoods. 


List of herbs and mosses occurring in three or more of the examples and/or with an 
average frequency of 2-0 or over. 


Life 

form 

Reference No. ... 

1 

2 

3 4 

. 5 

6 

Average 

frequency 

H.s. 

Stellaria nemoriim 






d. 



5*0 

H.r. . 

Sanicula europaea 

— 

— 

— a. — d. 




4*0 

H.e. 

Luziila maxima 

a. 

d. 0. 

,~Lf.— Ld. ■— 

La. 

m.l.d. 

3*8 

G.r. 

Anemone nemorosa 

— 

a.— Ld. 

r. — La. 0 .. 

a.— Ld. 

d. 

3-4 

H.s. 

Ranunculus ficaria 







La. 

3*0 

G.r.-H.c.-Ch. 

Holcus mollis 

La. 

0. 

™ Li— Ld.La.—Lc.d. — 

2*9 

H.s. 

Ajuga reptaiis 

— 

— 

™ i.a. 



0 . — La, 

2-8 

H.r. 

Oxaiis aeetosella 

L 

a.— Ld. 

0. Li 

a.— Ld. 

o. — La. 

2-6 

T. 

Geranium robertianum 

— 

0. 

— o. 

f. 


2-3 

H.r. 

Lastrea dilatata 



f. — La. 

o.— Li — 

o. 

0. 

2-3 

H.r. 

Primula vulgaris 

— 

Lf. 

— 0 . — La. 


0 . — La. 

2-3 

H.S. 

Ranunculus repens 

— 

1. 

— + 

Lf. 

Ld. 

2-3 

' H.r. 

Dryopteris fiiix-inas 

o. 

0. 

o. — La. + 

0. 

0 .— La. 

2-2 

H.S. 

Lychnis dioica 

— 

0. 

0. 

Lf.— La. 



2-2 

H.r. 

Viola silvatiea (agg.) 

o. 

0 . — La. 

— 0.— Lf. 

0. 

... 

2-1 

H.s. 

Adoxa mosehateliina 

— 


— i. 

f. 



2*0 

T. 

Arenaxia trinervia 

o.-^Lf. 


— 0.— Lf. , 





2-0 

G.r. 

Asperula odorata 

— 

— 

— Lf. 



- 

2-0 

H.e. 

Fesfcuea gigantea 

— 



— 0. 





'2-0 

Ch. 

Galium saxatile 

— 


0. 

__ 

0. 

2-0 

H.s. 

Heracleum sphondylium 

. — 

— 

— — 

m.Lf. 


2-0 

H.s. 

Hieracium vulgatum 

o. 

— 

— 

Li 



2-0 

T. 

Lapsana communis 

o. 

— 

. — — 

o. 



2-0 

H.e, 

Luziila pilosa 

— 

— , 

— , — 

— . 

Lf. 

2-0 

Ch. 

Lysimachia nemorum 

— 

■ — 

■ 0. 

— 

0.— Li 

2*0 

H.S. 

Mercurialis perennis 

— , 

Lf. 

— . — 

Lf. 

— 

2*0 

G.r. 

Poa pratensis 

o. 

. — 

— — 

0. 

— 

2*0 

■ H.r. 

Polypodium vulgare 

— 

— 

0. 

— 



2-0 

G.r. 

Pteridium aquilinum 

, — 

0. 

— — 

— 

— 

2-0 

. . H.s, 

Rumex acetosa 

— 

■; — 

— 

Lf. 



2-0 

' H.s, 

Senecio sp. 

o.-^Lf. 

— 

— o. 





2-0 

Ch. 

Stellaria holostea 







Lf. 



2-0 

2-0 

'■ ■"H.r.. 

Taraxacum officinale 

o. 

— 

— ■ — 
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Life 

form 

CIi. 

Oh. 

H.s. 

H.s. 

H.c. 

T. 

H.s. 

Gh. 

H.r. 

G. b. 

H. c. 
H.c. 
H.s. 
H.c. 
H.S. 
H.c. 
H.s. 


Reference No. ... 

1 

2 

3 

4 

5 

6 

Average 

frequency 

Veronica cbamaediys 

o. 

0. — ^l.f. 

1. 

Lf. 

o.— Lf. 

f. 

2-0 

V. montana 

— 

r. — 0 . 

— 

1. 

Lf. 

f. — a. 

2-0 

V. serpyllifolia 

— 

— 

o. 

— 

— 

0. 

2*0 

Vicia sepium 

— 

— 

— 

0, 

— 

— 

2*0 ^ 

Agrostis vulgaris 

o. 

o. 

1. 

o. 

o.-— Lf. 

0. — Lf. 

1-9 

Galium aparine 

r. 

1. 

— 

— 

f. 

0. 

1-8 

Geum urbanum 

— 

— 

— 

L 

0. — f. 

0. 

1-8 

Veronica officinalis 

o. 

1. 

o.—Lf. 

— ^ 

— 

0.— Lf. 

1-8 

Blecbnum spicant 

— 

o. f. 

0.L 

— 

. — 

Lf. 

1-7 

Coiiopodmm majiis 

— 

o. 

— 

0. 

r. 

— 

i-7 

Dactylis glomerata 

— 

r. — o. 

. — 

o.-^l. 

o. 

- — 

1-7 

Holcus lanatiis 

Lf. 

r. 

— 

— 

Lf. 

Lf. 

1-7 

Urtica dioica 

— 

— 

1. 

Lf. 

0. 

— 

1*7 

Deschampsia caespitosa 

r. 

r. — 0 . 

— 

— 

0. 

— . 

1-5 

Digitalis purpurea 

o. 

r. 

— . 

— 

— 

1. 

1-3 

Eestuca rubra 

o. 

1. 

— 

— 

1. 

— , 

1-3 

Prunella vulgaris 

r. 

1. 

1. 

o. 

““ 

— 

1*3 

Milium bornum 

o.— l.d. 

d. 

Ld. 

La. 

o.— Ld. 

0. 

3'3 

Hylocomium loreum 

— 

— 

Lf. 

— 

— . 

La. 

2-5 

Thuidium tamaiiscinum 

— - 

— 

1. 

— 

__ 

a. 

2-5 

Hypnum cupressiforme 

Ld. 

0. 

0. 

Ld. 

1. 

0. 

2-5 . 

Eurliyncbium striatum 

Lf. 

— 

o. 

— 

— 

La. 

2.3 

Hylocomium triquetrum 

— 

— 

Lf. 

— 

— 

0 . — La. 

2-3 

Plagiotheeium undulatum 

o. 

La. 

0. 

— 

— 

o. 

2*3 

Polytriclium formosum 

— 

La. 

o.— Lf. 

— 

Lf. 

0. 

2-3 

Bracliytlieciuin rutabulum 

— 

— 

— 

Lf. 

o. 

0. 

2.0 

Dicranum scoparium 

— 

— 

0. 

— 

— 

0. 

2*0 

Eurhyncliiuni myurum 

o. 

— 

o. 

0. 

— 

0. 

20 

Mnium undulatum 

— 

— 

o. 

0. 

Lf. 

o.~Lf. 

2-0 

Catliarinea undulata 

— 

1. 

0. 

Lf. 



0. 

1'8 

Eurhynchiuni praelongum 

Lf. 

1. 

0.1. 

La. 

0. 

0. 

1*8 


The beech has a smooth, white bark, with or without lichens, and attains 
a large size, the average height of trees measured from three of the woods being 
92 ft. (28 m.) (extremes 86 and 100). Young beech is recorded from five of 
the woods. 

There is no shrub layer. 

A sufficient number of woods has not been examined for a detailed analysis 
of the ground flora, but herbs, with Luzida maxima, predominate. Luzida 
maxima is found in all except No. 4, where Sanicida europaea is dominant. 
The soil of this wood has a pH of 6*0. Luzida maxima is dominant in No. 2, 
and will probably dominate when woods 1 and 3 open out with age. In No. 5 
Stellaria nemorum dominates, but under deeper shade it becomes a smaller and 
less frequent plant, and Anemone nemorosa, Oxalis acetosella and S cilia non- 
scripta become more conspicuous. In wetter parts Stellaria forms a seasonally 
complementary society with Ranunculus fiearia. In No. 6 Anemone nemorosa 
is dominant and the spring facies of Anemone is followed later in the damper 
parts by one of Ranunculus repens. 

The species of the ground vegetation yield the following spectrum: 


Ch. 

16(11) 


H.r. 

13(9) 


H.S. 
37 (25) 


H.c. 
15 (10) 


G.r. 

9(6) 


G.b. 

4(3) 


T. 

6(4) 


Total 

100 ( 68 ) 


65 (44) 


13 (9) 
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The liemieryptophytes, with 65 per cent., predominate, but the “oceanic” 
influence is revealed in the high percentage of chamaephytes. 

Compared with the spectra of the Descliampsia and Holms types the spectrum 
of the herbaceous wmods shows a higher percentage of hemicryptophyta scaposa 
and a lower percentage of hemicryptophyta caespitosa. The presence of AlUuni 
tminmn and S cilia non-scripta is responsible for the higher per centage of geophy ta 
biilbosa. This maximum of species with leafy flowering stems emphasises the 
favourable moisture conditions of the habitat of the herbaceous type^. 

All six woods are found on Old Red Sandstone, and in sheltered places 
or where the air is humid. Nos. 1 and 4 occupy slopes facing the Beauly 
and Cromarty Firths: Nos. 2, 3 and 6 occur on steep slopes of valleys cut in 
the soft rock, while No. 5 occurs in the bottom of a valley. 

The soil in all cases is deep and distinctly loamy, Nos. 5 and 6 being heavier. 
Earthworms are abundant and there is no accumulation of beech leaves on 
the surface, but there is a good mould. Below, there is no visible bleaching, 
but in No. 6, which is irregularly ridged by flushes arising high up the slope, 
the crests of the ridges show a distinct bleached layer, 3 in. (7-5 cm.) thick, 
iiiider *5 in, (1-3 cm.) of black humus and 3-5 in. (8-8 cm.) of mineral soil 
coloured black by infiltrated humus. 

The relationship of the herbaceous and grassy beechwoods to other 

PLANT COMMUNITIES. 

It is premature to give a considered judgment on the exact affinities of 
the woodlands described, but certain broad statements are admissible. The 
herbaceous beechwoods are found on soils which, although fertile, have on 
account of their situation never been cultivated. Uncultivated soils of this 
kind are rare in the north-east of Scotland, and their discontinuous distribution 
in a countryside occupied by quite different plant communities puts a serious 
check upon the free migration of plants from one area to another. It is prob- 
able, therefore, that some of these slopes have been contiiinously occupied 
by subsidiary woodland plants whether the woody vegetation itself has been 
continuous or not. To this extent the vegetation may be considered natural, 
and affords a clue to its relationship wfith other plant communities. In No. 6 
further evidence is afforded by the oakwood \vhich continues the beechwood 
along the slope. The following woody plants with their frequencies are found 
in this oakwood: 


Quercus robur 

f. — a. 

'Populus tremnla 

La. 

Fraxinus excelsior 

o.—l.d. 

Prunns spinosa 

o.™-i.d. 

Fagns silvatica 

0. 

P. padiis 

r. 

Prunus avinin 

0. 

Corylus avellana 

1. 

Betula pnheseens 

0. 

Crataegus sp. 

+ 

Ahnis glutinosa 

1. 

Salix caprea 

-1- 

Sorbns ancuparia 

f.-^l.a. 

Lonicera periclymenum 

■' l.a. 


^ The spectrum shoxild he compared with that for the beechwoods of chalk escarpments in 
Southern England which will be given in a paper on the vegetation of the Ciiiltern HiUs in a future 
issne of this Jovrnai.. The spectrum of the herbaceous type differs chiefly in the higher per- 
centage of chamaephytes and the lower percentage of geophytes. 
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In tlie other woods the evidence is not so satisfactory, but on the whole there 
is affinity with the damp oakwood of lighter loams. 

In the grassy beechwoods there is nothing very distinctive, the subsidiary 
vegetation being composed of the elements of neighbouring plant com- 
munities (natural and artificial) which can survive the new conditions intro- 
duced by the planting of beech. Some undescribed beech woodlands from 
P erthshire show unmistakable relationship with the dry oakwood, one indeed 
adjoining such an oakwood with Holcus mollis {d.), Pteridmm aquilinuni 
(a.-d.), Teucrium scorodonia (f.), Scilla non'Scripta (o.). Again one of the 
examples of the Holcus type adjoins a woodland of oak-birch with Lastrea 
dilatata and Holcus mollis the most conspicuous plants, and it is probable 
that several examples of the Holcus type have similar affinities. On the other 
hand some examples of the Deschamjma and of the induced” Holcus types 
are clearly related to the heath woods described in Part II. 


[To he continued,) 



THE BOREAL HAZEL FORESTS AND THE THEORY 
OF POLLEN STATISTICS 

By G. EEDTMAN. 

{With two Figures in the Text.) 

In the summers of 1922-7 I had the pleasure of travelling in the British Isles 
in connection with some investigations of the Late Quaternary history of the 
forests. As a summary of my results and some comparisons with forest 
history on the Continent have recently been published (this Jouen. 17 , 1929) 
I shall here confine myself to a problem bearing on the theory of pollen 
statistics, to the solution of which a continued study of the history of British 
vegetation ought to furnish important data. To some extent this problem is 
connected with the much debated question of the “boreal hazel forests.” In 
dealing with those forests Dr Woodhead {Empire Forestry Journal, 1928) 
suggested that the records of hazel as shown in pollen statistics need careful 
scrutiny, and there are certainly many who would agree with him on that 
point. Prof, von Post was the first to argue, on the basis of pollen statistics, 
that the hazel in certain places once formed real forests. He further suggested 
that the boreal hazel forests of south Sweden represented a somewhat maritime 
forest type. Others, e.g. Rudolph and Stark, held the hazel forests to be rather 
of a continental tjrpe, indicating conditions somewhat similar to those found 
at the present day in the forest steppe zone of South Russia. With Bertsch 
I have laid stress on the importance of the ecology of the hazel, especially 
its great plasticity, for the comprehension of the boreal hazel forests. Thus 
the hazel forests often covered tracts on the limit of conditions favourable to 
tree-growth, as along the margins of the boreal steppes and near the sub- 
alpine region, forming there a more or less pure pioneer scrub before the 
development of the forest proper. 

The hazel forests seem to have been especially characteristic of central 
a,nd western Europe (Eig. 1). This is worthy of notice, as in our day the hazel 
is certainly a more prominent element, e.g. in Poland (Volhynia, Podolia, etc.), 
and parts of Russia than, for instance, in the west of Germany and the British 
Isles. 

The map also indicates the periods at which the hazel was at its maxiiiiiiiii. 

In central and western Europe this occurred, as a rule, during boreal time. 
The British Isles differ in this respect in that the maximum hazel pollen fre- 
quency has been registered in places in post-boreal layers, from atlantic down 
to sub-atlantic. 



G. Erdtman 


No boreal liazel forests have yet been found in the phytogeograpliically 
interesting zone^ stretching from the Baltic to the Black Sea roughly along 
the Vistula-Dniestr line. East of that zone the hazel pollen maximum is 
atlantic or sub-boreal 

These differences in the geographical and chronological appearance of the 
hazel forests still remain to be explained. I shall here only call attention to 
a matter which in certain cases may have an important bearing on the theory 
of pollen statistics and which may be considered when trying to explain the 
presumed hazel forests.'’’ 





I m 





Fig. 1. Map indicating the periods at which the hazel was at its maximum according to pollen 
statistics. 

• Maximum in the boreal period (pollen frequency <100 per cent.) 

# ,, J? ( w ^ >» ) 

© „ „ atlantic period ( „ < »» ) 

O 5 ? suh-boreal period ( „ < » ?? ) 

O JJ ?!> ,9 { 99 !>? ^ ) 

A „ „ sub-atlantic period 

X No distinct maximum ; pollen frequency low. 

In dealing with pollen statistics it is impossible to draw any safe con- 
clusions from the pollen content or lack of pollen in a peat or sediment unless 
we know its approximate capacity to catch and preserve the pollen grains. 

^ In our dajvS characterised among other things by the eastern limit of Fagus silvahca and 
Quercus sessiliflora and the limit between the East-Europeaii and the West-European distribution 
of Picea excelsa. 


1(>0 Boreal Hazel Forests and the Theory of PoUen Statistics 

Most of the pollen grains reaching the surface of a bog will not be preserved 
ill a fossil state. The great supply of oxygen, the repeated wetting and dryings 
etc., which affect the pollen grains will hasten their destriictioii. The fossil 
pollen of the bogs, therefore, consists of those grains which were quickly 
carried down from the bog surfaces on which they landed to deeper levels 
with a smaller supply of oxygen and better conditions of preservation. Dead 
bogs, i.e. those where peat is no longer formed, cannot catch and preserve 
the pollen grains. This will also be the case with living bogs, during their 
inactive periods, when the cold of the winter, exceptional drought or, in some 
types of peat deposits, excessive rain puts a temporary stop to the activity 
of the peat-forming organisms. Owing to its early flowering time (at Coimbra 
in the North of Portugal even before the New Year, usually about December 
27th, at Aberystwyth in Wales January 13th, in Bremen February 23rd, at 
Kaiiskrona in South Sweden March 10th, in the neighbourhood of Stockholm 
about April Btli, etc.) the hazel pollen grains often fall on bog surfaces which 
at the moment can retain them only in a slight degree or not at all I will 
quote one concrete example to show the importance of this. For some reasons 
the example is perhaps not very happily chosen — for instance, I have no 
meteorological data from the locality — but nevertheless it will serve to make 
clear my way of thinking. 

At the base of a peat deposit near Inveroraii in the Argyll Grampians, 
about 300 metres above sea-level, a ‘'hazel forest'’ of boreal type is shown to 
have existed (hazel pollen frequency == 124 per cent.). In the younger layers 
of the deposit the hazel pollen frequency, as a rule, does not exceed 10 per 
cent, (diagram in. Geol. Foren. Fork, Bd. 50, 184, 1928). 

If hazel forests actually occurred at the present time in this neighbour- 
hood, it would be doubtful whether the bog would really have the power to 
record their existence, if its youngest layer — which we assume to be living — 
should be prevented to any considerable extent by meteorological causes from 
catching and retaining pollen grains. On the other hand, the fossil pollen of 
the boreal layers of the bog, does not necessarily indicate that real hazel 
forests grew in the Inveroran country during the boreal period. As this period 
forms a part of the Late Quaternary warm period the great hazel pollen 
frequency might to some extent be due to the then earlier springs, during 
which the hazel pollen grains had a proportionally better chance than now 
of being caught and preserved in the bogs. 

Early springs must have gone hand in hand with “climatic optima” ; and 
in that connection it is interesting to note that the maximum frequencies of 
hazel pollen regularly appear in strata which are believed to have been laid 
down during a climatic optimum. In Central Europe this optimum is believed 
to be boreal (Bertsch, Keller, Kudolph, and others) and so are the hazel 
forests; in the Baltic countries the optimum would seem to he atlantic (von 
Post, Auer and others) ; in Russia either atlantic (Neustadt and others) or 
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sub-boreal (Dokturowsky). Moreover, during the last interglacial epoch of 
Denmark and north-west Germany, the maximum hazel occurrence seems to 
have coincided with a climatic optimum ( Jessen). The British Isles alone form 
an exception to the rule, since the hazel pollen maximum, as has been previously 
mentioned, is not exclusively confined to boreal layers. But this may be due 
to the oceanic character of the climate, which makes the dead season of the 
bogs very short or possibly eliminates it altogether, thus rendering easier the 
catching and preserving of the hazel pollen. The hazel pollen maximum of the 
atlantic period in the Scottish islands seems to be due to historical causes, as 
the hazel did not reach those islands until the atlantic period (or possibly 
at the end of the boreal period). The gradual change of the climate during the 
atlantic period, and later, reversed the process of evolution ; the forests were 
diminished or extinguished, and in the Shetland Isles only local Salix thickets 
persisted as a rearguard, just as in pre-atlantic times they acted as pioneers. 

The Late Quaternary warm period is held to comprise boreal, atlantic, 
and sub-boreal times. In central Europe high hazel pollen frequencies are 
often found also in layers from the two later periods, especially the atlantic. 
Its predominance in boreal strata is connected with the fact that the hazel 
was very well equipped for the struggle for existence during boreal times, 
when the immigration, colonisation and consolidation of the forest elements 
and forests were still going on. That became more and more difficult during 
the succeeding periods, characterised by the slower modifications of the forests 
and keener competition, as the available areas became occupied by mature 
forest. 

Boreal hazel forests have not as yet been proved to have existed in Russia. 
This can hardly be due, as in the Scottish islands, central Sweden and Finland, 
to historical causes, as, on the evidence of pollen statistics, the hazel occurred 
in Russia already in early boreal, possibly even in pre-boreal, time. The 
question why the hazel went back in Russia during the boreal period will here 
be left open. I think, however, that very probably the already mentioned 
Vistula-Dniestr line was particularly strongly marked during the boreal 
period: to the west of it there prevailed congenial conditions, short winters 
and long warm summers, to the east of it, in Russia and round the Baltic 
lake, not yet connected with the sea, the climate was probably even more 
continental than now. Therefore the activity of the peat-forming plant associa- 
tions could only start comparatively late in the year, which would make it 
more difficult for the early Flowering plants to be properly registered in the 
peat by means of pollen grains^. 

^ As to preservation in sediments these plants would be equally handicapped. In that respect 
the study of lines connecting the places where the ice-cover of the lakes breaks up at a certain 
date after the New Year would be of some interest. Thus, for instance, the line for the breaking 
up of the ice three months after the New Year runs from south Sweden south-eastwards through 
Galicia, Ukraine and across the lower course of the Uniepr to the Sea of Azov, I mention this 
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Tlie increase of liumidity during the atlantic period was a consequence 
of the inundation of wide areas in what is now the southern part of the North 
Sea and the establishment of a connection between that sea and the Baltic. 

These changes made the Vistula-Dniestr zone less important as a climatic 
divide and consequently, as has previously been mentioned, the maximum 
hazel pollen frequencies east of this zone are encountered in atlantic and sub- 
boreal layers, which in its way may be an index of increased humidity. 

Lack of space prevents me from going into details or from dealing with some 
problems closely related to my theme, as for instance the behaviour of Alnus 
incana, which flowers almost as early as the hazel, or the appearance of pollen 



Fig. 2. Geothermoisopletes from the Gisselas bog, October 1926-September 1927 (from BoOBiEa). 
Djup cm. = depth in centimetres. Markytan=bog sui’face. Temperatures ranging between 
~ 3^ 0. ( + 26-5° F.) and + 17° C. { + 63° F.). 


grains of Tilia, etc. in northern Finland, the Peninsula of Kola, and Novaya 
Zemlya, in places where the more transportable hazel pollen grains have not 
been found. 

In conclusion I should like to emphasise the desirability of investigations, 
comparative and experimental, as to the possibility of catching and preserving 
pollen grains under extreme conditions of climate, especially at the limit of 
tree or forest growth. Until this is done, the scanty pollen flora of the oldest 

detail here because such lines, no less than phytophenological lines showing the reaction of the 
plant world to the sum of the climatic factors, ought to be considered more than is usual at 
present. From the standpoint of pollen statistics, and especially in connection Avith the theme 
of this paper, a better knowledge of the yearly changes of temperature at different depths in the 
peat is much to be desired. Fig. 2 shows the geothermoisopletes from the bog of Gisselas in North 
Sweden, 63° 42' N. lat., 16° 21' E. long. (After Booberg, Norrldndskt Handhibliotek, Bd. 12, 
ippsala, 1930.) 
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Late Quaternary deposits cannot be properly interpreted. It is also mucli 
to be desired that tbe well-establisbed results of statistical investigations of 
pollen from tbe younger strata should be connected with the conclusions which 
can be drawn from the present actual and potential distribution of other biota 
than forest trees, not forgetting cryptogams and invertebrates. This would 
be entirely in the spirit of the botanical pioneer of pollen statistics. Prof. G. 
Lagerheim, and would pave the way towards a broader, deeper and less one- 
sided knowledge of geobiological development during Late Quaternary times. 


Botakical Laboratory, Ui^rvERSiTY College, 
Stockholm, April 1930. 





A CONSIDERATION OF SOME EXTERNAL FACTORS 
GOVERNING THE PRODUCTION OF PLANKTON IN 

THE SEA 

By H. R. SBIWELL. 

[With five Figures m the Text,) 

I. 

Studies on the quantitative distribution of marine plankton have revealed 
that the degree of wealth of organisms varies from one region to another. 
The unicellular algae, by virtue of their chlorophyll, are capable when exposed 
to a sufficient amount of light of forming organic substances from water, 
various dissolved salts and CO 2 . Plants are the primary food’’ of animals 
and the more rapidly they form organic substances, the more animals they 
can support. 

The external factors governing the production of marine phytoplankton 
have been divided by Brandt (5) into three categories, as follows: nutritive 
factors proper, general conditions of life, and indirect factors of production. 
It is the first and last of these divisions with which this paper is concerned. 
The first includes nutritive factors such as light, heat, inorganic food sub- 
stances, etc., on which the speed of growth depends. The last, or indirect 
factors of production, do notin themselves control the nutrition of the plankton, 
but are responsible for its presence, or absence, within the limits of phyto- 
plankton utilisation. 

The compounds of nitrogen and phosphorus, essential to the protoplasm 
of both plants and animals, are represented in extremely small, often barely 
perceptible, traces in the sea and are considered foremost of the minimum 
substances. The extremely small amounts in which these substances are 
present in sea water may be visualised when it is noted that Matthews (1), 
using the purest chemicals, was unable to prepare artificial sea water containing 
less than 28*6 mg. of per cubic metre, an amount which is a little less 
than the winter maximum value at station E 1 in the English Channel. In 
the open North Atlantic (latitude 63"^ N. to 11° N.) the largest quantities of 
phosphate were recorded from the deeper water of the tropics and were well 
under 200 mg. per cubic metre, or less than two-tenths part per million (23). 

In the upper illuminated layers of the ocean the intense photosynthesis will 
tend to bring about an exhaustion of the minimum substances unless replace- 
ment takes place. A certain amount of phosphate and nitrate is continually 
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being supplied from the excreta of tbe living organisms. The dead plants and 
animals sink into the lower layers, where they axe devoured or transformed 
by bacteria into inorganic substances. These inorganic foods cannot be utilised 
by the bottom living organisms, and are brought up into the photic layer by 
vertical currents or processes of difiusion. 

The greatest quantities of nutrient salts are in the abyssal regions of the 
deep oceans; this being especially the case in the tropical parts of the oceans 
where the deep layers are restrained from rising to the surface and manurial 
substances have accumulated in relatively enormous quantities. Harvey (7), 
on the basis of a series of nitrate and phosphate determinations below 100 
metres at a position some 200 miles west of Portugal, has calculated that the 
dark depths of the three great oceans contain some 250,000 tons of nitrate 
nitrogen, and 75,000 tons of phosphate reckoned as P 2 O 5 which are lost to the 
cycle of events for an almost indefinite period. More recent observations on 
the phosphate content of the deep water of the open Atlantic (23, 6 ) have 
shown that phosphate is frequently present in the deeper layers in larger 
quantities than found by Harvey off the Portugal coast, so that actually 
there is probably more present in the abyssal regions of the oceans than his 
calculation shows. Nevertheless, the magnitude of Harvey^s figures give an 
idea of the enormous quantities of nutrient salts which must be present in the 
greater depths of the oceans. 

The abundance of manurial substances in the water of inshore areas varies 
with geographical location and local hydrographical conditions. In inshore 
areas where incursions of decomposed organic materials occur through drainage 
or other run-off, there will be a greater abundance of manurial substances 
than in an area in which there is no external supply. In other regions, as on 
the western coast of North America, because of up-welling water, the sub- 
surface layers are elevated and manurial substances enrich the photic zone. 
There are some inshore areas, however, in which no great amounts of manurial 
substances are brought into the photic zone through external agencies. In 
these areas at certain seasons the rate of utilisation of the nutrient salts may 
exceed the rate at which they are being returned to the water until one or 
more are in minimum, and then photosynthetic activity is greatly slowed up 
or even stopped until more nutrient material can accumulate. 


The vital necessity of the presence of certain dissolved salts in the water 
for the production of vegetable plankton has been demonstrated by the regular 
seasonal changes of these substances observed to occur in relation to outbursts 
of phytoplankton in the English Channel ( 1 , 2 , 3, 7). In this locality it has 
been found that the entire water column averages some 60 to 70 mg. per cubic 
metre of nitrate nitrogen during the winter months. In the spring this con- 
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centratioii is rapidly decreased, and by August tlie nitrate tas been practically 
used up tlirougliout all depths. 

A similar seasonal variation has been noted for phosphate in the English 
Channel (Fig. 1) and water containing 30 to 40 nig. cubic metre in 

winter is almost depleted of phosphate in the summer. The depletion occurs 
first ill the upper layers when sunshine begins to exceed 3 hours a day, and the 
time varies from year to year. Toward the end of summer sunlight decreases, 
and phosphate begins to be reformed from dead organisms in the bottom "water 
faster than it can be utilised by the phytoplankton. \"ertical mixing in the 



Fig. L Observed variations of P 2 O 5 in mg. per cubic metre, during the period March to November, 
in the surface water of Loch Strivan (13), central North Sea ( 4 ), English Channel ( 3 ), southern 
North Sea ( 20 , 21 ) and Frenchmans Bay (surface and average of whole bay (18, 22)). 

fall replenishes the surface layers, and this phospate is utilised during the 
following summer. The phosphate in the bottom water is reduced to about 
one-third of its winter value (7). Similarly, Marshall and Orr (13), working 
in the Clyde sea area, found a close relation between diatom increases and 
fluctuation of dissolved phosphate (Fig. 1). 

The occurrence of any one of the vital substances in minimum will limit 
the production of phytoplankton. Thus Harvey (8) has shown that in the 
English Channel during the summer months an increase in phosphate tends 
to occur when photosynthetic activity is limited, because of lack of nitrate, 
and vice versa. 
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Other observers have noted a seasonal variation of mannrial substances 
in the surface water layers. Brandt and Baben (7) found a seasonal variation 
of nitrate in the North Sea owing to its utilisation by algae in the summer 
months. Thompson (24) has noted a marked seasonal variation of phosphate 
and silicate in the Puget Sound region, the greatest variations being obtained 
in the spring and summer; and Moberg(15) has found occasional seasonal 
variations of organic nitrogen and phosphate in the waters of the southern 
California region. 

III. 

In regions such as the English Channel, where there is no great influx of 
nutrient materials through external sources and where the water is sufficiently 
shallow, so that photosynthetic activity can extend throughout the whole 
column of water, the phosphate content of the whole water mass will be greatly 
reduced by the end of summer. In the shallow North Sea, where the depths 
are generally less than 100 metres, and where an appreciable temperature 
difierence (7° to 8°) may exist between surface and bottom in summer, thus 
denoting an absence of vertical mixing, the nutrient materials are more or 
less utilised throughout the whole column of water by the end of summer 
(Fig. 1). 

Thus we find that Atkins (4) on July 6th, 1922, near the centre of the 
North Sea, recorded 3 mg./m.^ P2O5 for the surface water and 5 mg./m.^ P2O5 
for the bottom water at a depth of 50 metres. The author (20), while working 
in the southern part of the North Sea, mean latitude 52"^ 34' N., June 18th 
to 22nd, 1928, recorded an average value of 3-44 mg./m.^ P2O5 for the surface 
water and a few weeks later (July 8th to 11th) (21) recorded values varying 
from 0*6 to 3-1 mg./m.^ P2O5 for the surface water of the North Sea on a line 
between the mouth of the Elbe River and the Shetland Islands. Near the 
centre of the North Sea the surface water was practically exhausted of phos- 
phate (Fig. 1). 

In the deeper parts of the North Sea off Norway, where the depth may 
extend below the limits of plant activity, and where the surface layers are 
warmer than they are in the water farther off shore, there is more resistance 
to vertical mixing in the summer and phosphate may then accumulate in the 
deeper layers below the reach of photosynthetic activity. Thus, on August 
30th, 1924, at 57° 51' N. latitude and 6° 39' E. longitude, off Norway, Atkins 
(4) found that the deeper water vras not denuded of phosphate, as much as 
42 mg./m.^ being recorded at 300 metres. 


The phosphate content of the shallow surface water in the vicinity of the 
Shetland and Faero Islands on July 11th and 12th, 1928, was found to be 
5 to 8 mg./m.^ P2O5 while for the surface water in between (Faero-Shetland 
Channel) values as great as 34 were recorded (21). The differenecs 
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in pliospliate content are obviously brougbt about by vertical mixing. Tbe tHn 
layer of water overlying the Faero and Shetland Banks is in summer heated 
to a higher temperature than the surrounding water : thus it becomes lighter, 

D 56 D 50 A 4 D 85 t >- 138 WS 22 


ISOSTERIC. SURFACES 
PER 10 METERS DEPTH 

Fig. 2. Vertical stability of the open North Atlantic Ocean from south of Iceland to latitude 
53° 38' S. The width of the columns is proportional to the degree of stability (see text, 
pp. 169, 172, 174). 

and an interchange of water between it and deeper rich phosphate layers is 
prevented. On the other hand, in the Faero-Shetland Channel, eddy move- 
ments resulting from the velocity of currents produce a mixing of the surface 
and subjacent layers which tends to enrich the surface layers with phosphate 
as well as other manurial substances. 
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Similarly over tlie Taero-Iceland Ridge tRe surface layers are enriched 
by cl mmng, .nd .mounts of m .s gseat 26 mg./m > were recorded 

“ SeU -b as tbe F»ro-SbetW Cba^el -d tbe 

Raero-Iceland Ridge, the surface layers Should be kept supphed With ph - 

uhate throughout the season of greatest phytoplankton activiy. 

^ In the smface water 16 to 75 miles ofi the south coast of Iceland, July 15th 
to 19th the phosphate content ranged from 6 to 20 mg./m « PA : general the 
— 0. the surface water was highest " waS 

Ld farthest from shore (21). Here agam 

annears to be largely dependent on vertical nuxing with the richer underlying 
kvers and as an indication of the stability of the water mass south of ^eland, 
in relation to distance from shore, the stability calculated from e a a 

obserred by the Danish inTestigatois ^ <“> “ ‘IbSty 

(see method of stability oaloulatiou descnbedby S.nfctrom 09))' 
of the shallow water at station D 56, 15 miles off shore, is greater than that 
at station D 50, about 90 miles oft shore. In July we should expect the stabihty 
of the upper 100 metres to be somewhat greater than indicated on ^ocou^ « 
greater solar warming. Nansen (17) has shown that, in the sea s nth o 
Iceland cooling of the ocean’s surface may produce convection current 
extending to a depth of nearly 800 metres, although in July the effect of this 
circulation is less marked in the upper 100 metres on 

Observations on the phosphate content of the surface water ^ 

deep strata do not always give an indication of the amount 
the photic zone available for plant utilisation. As an example, f ^ 
the south-east coast of Iceland (latitude 63“ 30' N^, longitude « ,^0 
10 mg. per cubic metre of P^O^ were recorded for the 
a depth of 100 metres 40 mg. 1 m.^ PA were available for 

Similar results have been obtained by the author from parts of equatorial 
Atlantic where the surface waters were almost exhausted of phosphate So 
5 mg./m.3, yet at 100 metres there were quantities ranging from 41 to 9U 

mg./m.3 PA (23). 
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On the eastern coast of North America the observations of the Canadians 
in Passamaquoddy Bay and of Rakestraw in Frenchmans Bay indicate that 
in both of these bays, where moderately strong tidal stirring occurs, the waters 
were well supphed with phosphate during the summer months. _ Summansmg 
the chemical observations of Rakestraw (18) we find that during the period 
July 20th to August 6th, the phosphate present in the surface water averaged 
about 46 mg./m.® P2O5 while that for the whole bay was about 66 mg./m. 
PA- It is also interesting to note that in tHs Bay 

content of the surface water increased from 40 mg./m. , July .^Oth, to 64 
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mg./ra.® on. August 3rd, and the average P2O5 content of the whole hay in- 

creased from 60 to 65 ing./m.^ (J'ig- 1)* 

Nitrate observations in tbe bay gave a general average of 36-3 mg./m.^ N 
for the season and indicated that, as with the phosphate, this material 
was supplied to the water at a greater rate than it was utilised by plant 
activity throughout the summer observational period. The observed range of 
average nitrate content, calculated as N, of the water in the bay was 35-6 
mg./m.® July 20th to 41*3 mg./m.^ August 3rd. The greatest depths of French- 
mans Bay are well under 100 metres. 

In Passamaquoddy Bay, which is stirred to an even greater extent than 
Frenchmans Bay (22), it is probable that the manuxial content of the water 
is high in summer. This, at least in the case of phosphates, seems to be indicated 
in a letter from Dr Huntsman (9) from which we assume that phosphate 
determinations in this Bay during summer gave results in the neighbourhood 
of 30 mg./m.^ P2O5 . 

On the western coast of North America, Moberg (15), working in the La 
J olla region, has found that at the surface phosphate generally varied from 
25 to 36 mg./m.^ F2O53 in the summers of 1924 and 1926 it fell to 15 or 
20 mg./m.^ F2O55 he observed no such change. This last author, in 

illustrating the chemical and physical conditions of the water at a station 
10 miles off the coast of southern California during the summer of 1926 (16), 
showed that all the conditions determining the environment of the phyto- 
plankton varied greatly with depth. The important chemical substances 
silicate, phosphate and carbon dioxide, were present in sufficient quantities for 
phytoplankton activity in the surface water, only nitrate was lacking in the 
upper 25 metres. However, below 25 metres this latter substance increased 
rapidly with depth, and was abundant at 30 to 35 metres below the surface, 
a zone to which the diatoms were principally confined. It is possible, that 
above 25 metres, nitrate may have been a limiting factor in diatom pro- 
duction. 

The presence of nutrient materials in the upper layers of the southern 
California region is almost entirely the result of vertical circulation caused by 
up-welling of the sub-surface layers. Moberg has pointed out that decomposi- 
tion of organic material takes place at or near the bottom and the products, 
in the form of nutrient materials, are returned by up-welling water to the 
photic zone of plant activity where they are utilised. Because of shght rainfall 
and absence of rivers on this coast, no manurial substances are supplied to 
the water from the land as is probably the case in Frenchmans and Passama- 
quoddy Bays. 

Up-welling off the coast of California has been demonstrated by McEwen 
(14) who found that the rate of up-welling varies with season and locality, and 
Moberg (16) has shown that practically all factors influencing the environment 
of the phytoplankton, with the exception of light, are affected by up-welling. 
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Obviously, then, tbe distribution and naagnitude of tbe diatom production ofi 
this coast depends on the amount of up-weUing. 

Thompson (24) and his co-workers at the Puget Sound Biological Station 
have found that the phosphate content of the waters in that region averages 
betwen 0-14 and 0-16 mg. P2O5 per litre, or 140 to 160 mg. P2O5 per cubic 
metre, while silica averages about 2 mg. per litre or 2000 mg. per cubic metre 
SiOg. The phosphate data agree with those obtained at depths of 150 metres 
off the coast of southern Cahfornia. 


VI. 

The chemical fertihty of the open ocean depends principally on the 
abundance of dissolved phosphate and other manurial substances in a thin 
upper stratum of the water column at depths where they can be utilised 
by the phytoplankton. It has previously been pointed out that the abyssal 
regions of the oceans contain enormous stores of manurial substances, but 
that they are lost to the cycle of events until transported into the photic zone 
of plant activity. Consequently, it is not the amount of nutrient material m 
the deeper parts of tlie oceans, but rather the presence and magnitude of 
vertical ascending currents which transport manurial substances into the layer 
of plant activity that influence the environment of the vegetable plankton 

(Big. 3). 

Investigations on the phosphate content of the surface waters of the open 
sea have shown that this substance varies considerably from place to place. 
In general, the phosphate (P2O5) content of the surface water ranges from 
almost complete exhaustion to more than 100 mg./m.s, while below 750 metres 
phosphate is generally present in quantities greater than 50 mg./m.® (23). In 
the high latitudes of the open ocean, because of increased number of hours 
of sunshine, plankton attains its greatest development in spring and summer. 
In these regions the manurial content of the surface layers drops or even be- 
comes exhausted during the flowering seasons unless there is replacement of 
that which is utilised. 

In the northern part of the North Atlantic, surface values ranging from 
15 to 22 mg./m.® or more have been reported for the summer months; while 
in the tropical parts of this ocean as little as 3 mg./m.® have been recorded 
(23). In high latitudes, where there is less restraint to vertical circulation, 
the photic zone of plant activity may be frequently replenished with manurial 
substances from the deeper layers, while in lower latitudes vertical ascending 
currents are restrained from rising to the surface and the manurial substances 
often accumulate in the deeper layers while the surface layers become ex- 
hausted (Fig. 3, C 9). There are large areas in the tropical parts of the ocea,ns 
where the photic layer of plant activity is never abundantly replenished with 
Eutrient salts. . ^ 
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As an indication of the resistance of the water column to vertical mixing 
in arctic and tropical latitudes attention is called to Fig. 2. Fig. 2, D 50, 
represents the uniform stability of the water south of Iceland as calculated 
from the results of the Danes in May 1896 (11), and figure A 4 the stability 

0 20 40 60 80 JOO !20 i40 160 




Fig, 3, Vertical distribution of phosphate as PgOg in the open North Atlantic from the Tropics 
to the Southern Ocean (see text, p- 174). 


of tropical water at about latitude 27° N. and longitude 35° W., as calculated 
from Jacobsen's average hydrographical data for atlantic '^area 4’' (10). The 
development of resistance to vertical circulation, or the stability of the vertical 
column, is indicated by the widening of the vertical. In the former region 
evidence that the photic zone was well supplied with phosphate was indicated, 
by recording 20 mg./m.^ P2O5 for the surface water in mid-summer of 1928 (21), 
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while in the latter region, the phosphate content of the npper 200 metres was 
not over 5 mg./m.^ P2O5 (23) (Fig. 3, C 9). 

In the region of the equatorial Atlantic there is a marked up-welling of 
water from the lower levels to replace the surface water driven polewards by 
the combined effect of the trade winds and the earth’s rotation. Consequently, 
the phosphate content of the photic layer in this belt of up-welling stands out 
in decided contrast to other parts of the impoverished tropical Atlantic^ and 
values up to 90 mg./m.^ have been recorded for the 100 metre level. 
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Fig . 4. The distribution of surface phosphate values in relation to temperature of the surface water 

in the South Atlantic Ocean. Graph drawn from observations of ‘Discovery’ expedition (6). 

The differences in chemical fertility of the North Atlantic as briefly out- 
lined find a correlation with the summer quantities of phytoplankton as deter- 
mined by Lohmann (7, 12). In the deep ocean, far from land, the animal and 
plant plankton in tropical and sub-tropical latitudes was found to be con- 
siderably less than in higher latitudes, although the phytoplankton between 
10° N. and the equator was greater than that found to exist between 30° 
and 10° N. 


VII. 

The recent hydrological investigations of the ‘^Discovery’ expedition (6) 
in Antarctic waters have revealed that the quantities of inorganic phosphate 
in solution in the surface layers of this region are enormous when compared 
with what has been recorded for other regions. Seventy-three vertical series 
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of phosphate determinations were obtained between latitude 33° 08' S 
( Discovery’ station 85) and latitude 56° 20' S. (W.S. station 36); the phos- 
phate content of the surface water ranged from 25 to 144 mg./m .3 P^O.. In 
big. 4 a plotting of surface observations against temperature indicates that, 
m general the largest quantities of phosphate occurred in the colder surface 
water in the southern part of the region investigated. The lowest value. 

northern station (85) and the highest 
at latitude o3° 45' (station 124). ° 

Fig. 2, D 85, D 138 and W.S. 22 illustrate differences in stabihty of the 
water columns, and Fig 3, D 85, D 138 and W.S. 22 the vertical distribution 
of Pbosphate in the region investigated. Here again we see that as in the case 
he North Atlantic the least resistant water occurs in the high latitudes 
and coincident with the greater vertical mixing there are larger amounts of 
phosphate in the surface strata. In the high latitudes of the South Atlantic 
Ocean where the temperature range of the water column may be of the order 
of 2 to 3 degrees (0-55° to 2-02°, 0 to 2000 metres at station 138^ a small 
smface temperature will produce vertical mixing to a greater depth than would 

L wT! 'i; 1 r "" temperature range of the vertical 

column maybel6ormorede,gi>ees(1.01°tol6-26°,0to4800metresatstation85). 

Fig. 5 represents the phosphate from surface to bottom in a section ex- 
S^'^O? S Y°^t^-^esterly direction from ‘Discovery’ station 85 (latitude 
So Z ‘Discovery’ station 7 (latitude 

^2°4'^wi’trf p‘^%i ^ ®'’ Wtude 

22 28 W.) to station 11 (latitude 60° 26' S., longitude 30° 27' W ) 

_ At the northernmost station, 85, the most stable water and greatest changes 
m phosphate occurred above 1000 metres; below this level the phosphate 

smVc? Wrf phosphate content of the 

+ 1 , i-n { ® became more uniform above 1000 metres. On 

nhosnW southern part of the section, the 

phosphate gracfrent mcreased and at the most southerly station, 11, we find 

has is much greater than 

wafr W Atlantic, and illustrates the extreme 

wealth of nutrient material in the Southern Ocean. 

VIII. Summary. 

The compounds of nitrogen and phosphorus are considered the foremost of 
mimmum substances in the sea. They are present in minute, often barely 
perceptible traces, very rarely in excess of two-tenths parts per million 
Relatively large quantities of nutrient salts are present in the abyssal regions 
of the sea, but they are lost to the cycle of events until transported into the 

lavers Z ^‘^tivity. In the upper iUuminated 

layers of the ocean an intense photosynthesis will bring about an exhaustion 

e minimum nutnent materials unless a replacement occurs. This replace- 
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ment is brought about chiefly by vertical ascending currents transporting 
nutrient materials from the deeper layers. 



Fig. 5. Phosphate in the South Atlantic Ocean between latitude 33° S. and 50° S. from observa- 
tions at ‘Discovery’ stations 85, 7, 9 and 11 (6) (see text). Equal phosphate lines are drawn 
for every 10 mg. of PaOg and isotherms for 5°, 10° and 15°. 

The chemical fertility of the open ocean is principally dependent on the by- 

drograpMcal characteristics of the region. In the cold water of high latitudes 
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the water is less resistant to vertical mixing that it is in the tropics, and 
consequently there is more nutrient material available for plankton utilisation. 
Quantitative investigations of dissolved inorganic phosphate in the Southern 
Ocean have revealed that the great wealth of this substance in that region is 
sufficient for an enormous vegetable plankton population during the summer 
■ months. 

Buffalo, N.Y., U.S.A. 
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THE STANDARDISATION OF DESCRIPTIONS 

OP PLANT COMMUNITIES^ 

By 1. J. SALISBURY. 

Prof. Pavillard once wrote “all is dfficult in Pliytogeograpliy except the 
construction of artificial systems or the invention oi new names.” The task 
before me is neither concerned with a new system of classification nor with a 
new terminology but with the consideration of those features and charac- 
teristics which may be regarded as essential to the adequate description of 
a plant community. The most sanguine person could scarcely hope for 
unanimity on this subject, but nevertheless this presentation of my personal 
views as to what is essential in general, or in particular desirable, may serve 
as a basis for discussion in arriving at an agreement on what, in the general 
consensus of opinion amongst ecologists, should be regarded as requisite to 
the proper diagnosis and delimitation of vegetation units. 

If our descriptive ecology is to advance knowledge and not to degenerate 
into a mere cataloguing of observations it must aim at discovering the causal 
relations which determine the character and structure of the communities 
we study. The problem is necessarily a complex one because of the many 
factors involved and the intricacy of their interaction. The method of abstrac- 
tion involved in most experimental studies is inadequate alone but must be 
supplemented by comparative studies of communities which, however, are 
only valid when comparable data are available. 

If we ask what are the communities we wish to compare, the answers will 
perhaps be as varied as the ecologists questioned. There would, however, 
probably be common agreement that they are not stable entities, but represent 
stages in continuous successions. Even when we are able to arrange our 
communities in a definite sequence with considerable certainty, which is often 
not possible, the constituent phases quite commonly appear in nature as 
naturally separable units, whilst their connection is often obscure or only 
theoretically probable. We therefore rarely do violence to the actualities by 
treating these phases as separate abstractions, since their separation is often 
more evident than their connection. 

Each succession series can clearly be viewed as a whole, and a comparison 
made between entire successions, or we can compare the constituent phases 
of one succession with those of another. A very large number of successions 
tend to form a series of phases separable into three aspects, viz. the thero- 
phytic, the herbaceous, and the phanerophytic, each of which may, by climatic 

^ Tills paper opened the discussion on this subject at the International Botanical Congress 
at Cambridge, August, 1930. 
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or eclapliic conditions, be established as a climax or siib-climax. For example, 
the first as desert or the therophytic communities' of sand dunes, the second 
as grasslands, the third as scrub or forest. But where all these phases are 
present in the same succession it is clear that, studied as communities having 
a more or less definite physiognomy and structure, there is more in common 
between the grassland communities of different successions than between the 
various phases of the same succession, and whereas phases of different suc- 
cessions may be directly comparable in their entirety, the successions as a 
whole may not. 

complete succession is rarely, possibly never, stereotyped, but is subject 
to variation, so that the succession as a whole is necessarily more complex 
than its constituent parts, and the relation between cause and effect con- 
sequently more difficult to unravel. Hence comparison between the constituent 
phases is likely to yield information as fundamental as comparisons between 
successions as a whole. Comparison between difi’erent phases of the same siic- 
cessmn, and between physiognomically comparable phases of different suc- 
cessions, may alike be expected to yield important results, and both are 
essential to the scientific study of the community and are mutually comple- 
mentary, To employ an entomological simile, we can compare larva with 
larva, pupa with pupa, or imago with imago, or we can essay the more difficult 
task of comparison between the entire life histories. Whatever our particular 
predilection, the unravelling of the web of cause and effect can only be 
accomplished by a comparative study which, at least, takes cognisance of all 
the major factors of the environment and the significant features as to structure 
and composition of the community. 

Everyone who has utilised a flora must have experienced the difficulties, 
especially in more critical genera, arising from the lack of uniformity in de- 
scription. Much that should be explicitly stated is often left to be inferred, 
whilst quite frequently the characters upon which stress is laid with respect 
to one spechs have not been examined with the same critical care in its im- 
mediate allies. This, which is true of the individual species, is perhaps even 
more true of the communities which they form. 

The history of plant ecology has passed through many, if not most, of the 
vicissitudes which have marked the progress of taxonomy. Indeed it is perhaps 
not too much to add that if, in the classification of plant communities, we have 
on the one hand gained inspiration from the methods of taxonomy, we have 
on the other hand shared some of its past defects and present faults. The 
plant community is the species, or it may be the genus, of the synecologist 
and, in common with the systematist, we are confronted with the same diffi- 
culties as to the limits of the aggregates of which we treat. 

The taxonomist recognises that his species include a number, sometimes 
a very large number, of pure lines, of races differing by one or more unit 
Mendehan characters, and including perhaps several varieties or sub-species. 
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The species is invariably an aggregate, not merely of individuals but of eco- 
types and strains, and the size of that aggregate depends very largely on the 
point of view of the investigator. Whether we apply the term species to the 
Linneon or to the Jordanon is ultimately a matter of convenience. The species 
itself is, in fact, an aggregate of convenience of which the members conform 
more or less closely to a predetermined type. When we attempt to define the 
species more precisely we find ourselves confronted with aggregates of incon- 
venience which render nomenclatorial confusion worse confounded. 

The synecologist is similarly confronted with the choice between large 
aggregates such as those of Swiss phytosociologists and small such as those 
of the Upsala school; but, as with pure taxonomy, I venture to think that the 
size of the aggregate that we recognise is relatively unimportant so long as its 
delimitation and description be clear and accurate. It is, however, essential 
that there should be a basic uniformity in such descriptions which, whilst 
facilitating comparison between the results of various investigators, would in 
no way militate against individual initiative, so essential in a juvenile subject 
like our own. 

At the present day there are various schools of thought in ecology, each 
dominated by a particular direction of approach. Eloristic ecology, physiog- 
nomic ecology, edaphic ecology and successional ecology have all produced 
systems of classification which have little in common, except a certain exclusive- 
ness with respect to points of view other than their own. Such an exclusiveness 
is almost inevitable when so many communities have been investigated mainly 
from a single aspect. 

It should clearly be the aim of our synecological classification to express 
the sum-total of our knowledge with respect to communities, and such an 
ideal can only be realised when comparable data are available respecting the 
basic facts of every type. No one perusing the current literature of to-day 
can fail to recognise the frequent impossibility of proper comparison between 
descriptions of communities by various authors, when some aspects are entirely 
ignored or but very superficially treated, whilst in other instances the author 
has been so obsessed by a particular point of view that important facts of 
structure and floristic composition pass unrecorded, or are lost in polemical 
considerations. 

The ecologist is unfortunately debarred in most cases from preserving type 
specimens of his phytosociological species, though in this connection it may 
be suggested that the citation, in descriptive monographs, of comparable 
communities w'here present in national reservations, might serve a useful 
purpose. As, however, this is only possible in a small proportion of the world s 
communities and as even the most stable community is subject to secular 
change, the necessity of adequate and fundamentally comparable descriptions 
is even greater than in the case of individual species. 

The only satisfactory remedy would appear to be the standardisation of 
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(iescription of commiinitieSs a generally accepted framework wHcli, whilst 
tending towards uniformity of data, should neither hamper initiative nor 
restrict originality of treatment. It is only in this' spirit of, I hope, helpful 
suggestion that I have ventured to select such data as would appear to he 
generally desirable. Such a scheme will doubtless require modification, but 
it should not he beyond the ingenuity of ecologists to arrive at some common 
denominator of their diverse methods of approach which would not be so 
exiguous as materially to diminish its utility. The work of recent years has 
afforded abundant evidence of the interaction of organisms and their environ- 
meiit, so that I shall assume there is no longer any question of describing 
communities in terms of their vegetation alone or of ignoring the influence 
of the organisms in modifying the environment which they occupy. 

The adequate delimitation of the coininuiiity can be regarded as comprising 
four categories of data which, though necessarily interrelated and overlapping, 
can, without undue sacrifice of reality, be considered as separate abstractions.. 
These categories are the physiognomy, the floristic composition, the environ-.- 
mental factors, and the successional changes. Of these the last, how^evei' 
important for purposes of classification, are in a different category wuth respect 
to diagnosis, since the time factor involved often precludes the possibility of 
actual observations, in consequence of which, the successional data are com- 
monly a matter of interpretation rather than observation. It will he convenient 
to consider each of these aspects in turn as a means of characterising the com-^ 
miiiiity, but it is fully realised that the distinction between theml^^tW^* 
indefinite, and consequently their grouping is to some extent a mathP’ 
personal preference. ' 

PHYSIOC4XOMY. 

Physiognomy has long been recognised as an important characteristic of 
tie plant community, and since the physiognomic features do in great 
measure reflect the natural sorting out of species in relation to the totality of 
the environmental conditions, it is not too much to say that physiognomy 
is the most important of the features to be defined in describing a plant com- 
munity. Two diffimilties, however, are chiefly responsible for the meagreness 
of our data on this point. These are, firstly, that communities are not static 
lit dynamic, and that consequently the physiognomy at a given time is not 
necessarily in equilibrium with the contemporaneous environmental conditions. 
Plus difficulty presents something of a parallel to the confusion that arises 
when two closely allied species hybridise together, and the specific limits are 
obscured by the continuity of the transitional forms. The constituents of the 
transition community can only be separated by critical study, but the failure 
of physiognomy in such instances to analyse the community complex is rather 
its justification than its condemnation. 

The second difficultj is the more serious, and depends on the inadequacy 
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of morpliological and pliysiognomic nomenclature. The first requisite for the 
definition of physiognomic character is the description of structure. This 
necessarily implies the recognition and delimitation of the partial com- 
munities (corresponding to the partial habitats into which the community 
as a whole can be resolved). In a woodland, for example, the stratification 
of shoot systems and root systems, the assimilatory periods and seasonal 
changes of the overground organs, are necessarily involved in such description 
of structure. As I have elsewhere indicated (ScJiroetef Festschrift) what is 
involved in the concept of structure as applied to woodlands, I need not 
elaborate the topic here. But it may be emphasised that the average area 
occupied by the constituent units is an important feature of structure and 
can be readily measured by the method of Du Hietz. Height and area are 
together the nearest approach we have to numerical designation of form. 
The combination of height and areainto one figurerepresenting average volume, 
though perhaps useful in special cases, is fraught with considerable danger, since 
height and area are not interchangeable in respect to their phytosociological 
significance. The sociability of species is in reality a physiognomic factor and, 
where pronounced, is equivalent to an increase in the area occupied by the 
individual. As I have already pointed out with regard to woodland species, 
such marked social habit is at once a means of protection and aggression. 

Beads should, in the author’s opinion, be regarded as physiognomic 
features, for when present these habitat forms stand in the same relation 
to the physiognomy of a community as exclusive species do to the floristic 
composition; they are more or less exclusive physiognomic types, and their 
importance sociologically is similarly dependent upon the frequency of their 
occurrence and on their distribution. 

Similarly the view is here taken that the life forms of the individual species 
of a community are an essential part of its physiognomy. The restriction of the 
concept of physiognomy to that of the dominants of a community is really 
to characterise the whole by a part that commonly represents a single stratum. 
The physiognomy of the dominants is often, in fact, that of a partial habitat. 
Individual treatment of partial habitats is often desirable, but the physiog- 
nomy of the community is an integration of the life forms of all its constituent 
members. Where there is marked stratification the strata should, however, 
probably be treated separately. 

One cannot praise too highly the work of Eaunkiaer in emphasising the 
importance of the life form of the individual species^. Nevertheless the very 
systems of classification which Eaunkiaer invented to facilitate the study of 
these characteristics, and which should have led to an advance in our know- 
ledge, have perhaps actually, by the formality of their application, led to 
a retardation and stagnation of our progress. The fact that Vacemivm 

^ The value of life forms for purposes of description of physiognomy is independent of the 
relation between form and habitat. 
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tnyfUllus is evergreen in one habitat, whilst in another it is a deciduous shrub 
which becomes a “switch plant” in winter, is of far more significance in the 
characterisation of the community than slight differences in the percentage 
of the diverse life forms. So too the annual duration of MedicMgo lupulina 
and Scirpus setaceiis in some communities, and their perennial duration in 
others, features to which M. AUorge has drawn attention in the YexinfranQais, 
are differences which at once characterise the communities in which they occur. 
But too often the allocation of a species to a particular category of life form 
has been quite perfunctory and such important distinctions in behaviour have 
passed unheeded. 

The height of the perennating organs of the constituent species is an im- 
portant physiognomic character, but it is desirable that the elements of 
distinct partial habitats should not be confused. Moreover, it is essential that 
such data should be based on actual measurements sufficient to justify con- 
clusions respecting the range observed and to establish means. 

The formal simpHcity of Raunkiaer’s classes has rendered them easy to 
®'PPty widely accepted, but the large class intervals, on which this sim- 
plicity chiefly depends, is calculated to obscure rather than to reveal the 
differences in this respect between closely related types. In effect, the 
Eaunldaer classes are in practice qualitative rather than quantitative, and it 
IS quantitative data of which ecology stands most in need. The forester is 
fully aware of the great value of form and height as a means of distinguishing 
the various categories of site, and indeed Biisgen goes so far as to state that in 
forestry height growth serves as the best measure of the quality of the locality. 

There can be little doubt that such data could be made of equal value 
to the ecologist. Thus it is very significant, as a total measure of the environ- 
ment, that one species of tree exhibits a frequency curve in respect to height 
with a particular mode and dispersion in one locality, wHlst in another the 
mode and range are different. What is true of the phanerophytie vegetation 
is true also of herbaceous types, and indeed the species common to various 
communities are natural phytometers which, by their differences in height 
and growth, contribute to the respective physiognomy of each. In defining 
the physiognomy of the community it is, therefore, important to determine 
the range of variation of the constituent species collectively, and individually 
those which by their different response in different communities serve for the 
phytometric integration of the total environment. The range in height of the 
individual species may be emphasised by the therophyte Linum catharticum, 
which on chalk downland normally attains a height of from 5 to 50 cm., whereas 
as a member of the dune slack community it presents an ecad scarcely more 
than a centimetre in height. It is customary to adopt Raunkiaer’s classifica- 
tion into Phanerophytes, Chamaephytes, Hemicryptophytes and Geophytes, 
and a specific spectrum of this character ds of diagnostic value, but it fails 
to distinguish between the community with the species of a particular category 
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albuiidant in individuals, and another in wliicli this biological type is repre- 
sented by the same number of species but all of them of rare occurrence. It 
is clearly of significance if, in a community rich, in species, one category 
predominates and the biological spectrum reveals this feature ; but in addition 
we require determinations of the heights of the perennating organs based on 
actual measurements of a number of examples of each species and expressed 
in relation to the abundance of each. From the standpoint of the physiognomy 
of a community, there is but little difierence between the community composed 
of individuals of one species or of several species all belonging to the same 
biological category. Such features could be expressed numerically as products 
of the respective mean heights and average abundances, or graphically with 
the mean heights as ordinates and the mean abundances as abscissae. For 
comparison of similar simple communities, or strata (in stratified communities), 
a single numerical value could be obtained expressing the mean average 
height by the sum of the products of the mean heights of all the species of a 
community with their respective average abundances divided by the sum 
of their respective abundances. Some such method of treatment appears 
necessary for giving greater precision and as far as possible quantitative 
expression to physiognomic characters. 

The size of leaf of the constituent members of a community has been found 
a useful characterisation, but here, too, the value of the data would be greatly 
enhanced by being based on a more definite statistical treatment. In this 
connection it may perhaps be pointed out that the measurement of the areas 
of a large number of leaves is by no means a difficult task if a planimeter is 
utilised. The mode of the leaf area should be determined for each of the dicoty- 
ledonous species, and the mean value for the community or its several parts 
based on the average of all the species, having regard to their respective 
average abundances. In the case of communities dominated by Monocoty- 
ledons the width of the lamina is a useful index. The author has already shown 
that, if due regard be paid to the precautions necessary through variation in 
different parts of the organism as a whole and of the individual leaf, the 
stomatal frequency is a valuable indicator of the relation of the plant to its 
environment. This means of comparison is especially valuable where the same 
species is present in different types of vegetation or in successive communities 
of a sere. 

The average number of individual plants per unit area and the average 
area occupied by an individual of each species may also serve as useful criteria 
for physiognomic comparison. 

The importance of changes in the form of the individual is sufficiently 
emphasised by the case of Finns sylvestfis which, in northern latitudes and 
high altitudes, has a tapering crown, whereas in lowland and southern situa- 
tions the crown tends to be flat-topped or rounded. Dr Kawada informs me 
that the same is true of Cfyftomeria japonica in the northern and southern 
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portions of Japan. When such characteristic forms are present they should 

obviously be included in the description. 

Even with respect to such obvious characteristics as the deciduous or ever- 
green nature of the chief species, data are often inadequate and the assimilatory 
periods of herbaceous types, though often quite characteristic, are but rarely 
recorded. These few examples suffice to show that physiognomic characters 
are tapa e o far more definite expression than they are usually accorded, 
and, whether a feature of the entire community or of a particular species, may 
be of considerable diagnostic value. 


Floristic features. 

With respect to floristic constitution we are probably all agreed that a hst 
0 species as complete as possible, and preferably including both phanerogams 
and ciyptogams, is an essential to adequate description. Most would also 
agree that the component species should be classified according to their con- 
stancy, exclusiveness, abundance (relative proportion of individuals) and 
frequency (dispersion), but, on the other hand, there wdll doubtless be con- 
siderable diversity of opinion as to how these should be determined and their 
reiataYc importance. 

For the statistical representation of the floristic composition of a com- 
munity it IS obvious that the data, if they are to be of any value for com- 
parative purposes, mnst have some common, basis. 

7“^ Itrge proportion of. descriptive aoeonnts the observations are 
ledncid to a percentage b«ns. TUs may aotnally be misleading, as it involves 

btloTT e" -otegory, whether it be of 

Ed V 7 Braun-Blanquet 

found one therophyte (viz. Moehrir^ Irinmia) as a constant oonstitnent of 

&7vT.°v O'™”®. »'Kch tie total Sora numbered 

forty-seven spcies. Representation on a percentage basis involves the tacit 
assumption that at least two therophytes would be present as constants if a 

of'sMcts'fr'''" i^^olved. In communities composed of a small number 
of species the presence of aberrant or rare types becomes unduly exaggerated 
y l e cen , age representation, whilst in tropical communities where large 
_umbers of individuals of a single species are replaced by a diversity of species, 
departures from the mode may be unduly minimised. 

^ The only satisfactory basis would appear to be that of equwaJmt areas such 
as 100 areas (of e.g. 1 sq. metre) each based on a random selection. These must 
fiowever, be in eqmvalent communities as judged by physiognomv and it 
should always be definitely stated whether the data represent an aggregate of 
partial communities or a homogeneous assemblage. 

arbitrary area basis is consequent upon 
inadequacy of small umt areas in open communities such as deserts or in 
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comnatinities of large trees. This demands variation in size of the unit areas 
not only for different types of community but for different communities in 
the same sere. Unless some arbitrary basis be adopted for this variation the 
numerical results can have but little significance. This difficulty might be 
overcome by multiplicating the 100-unit areas and utilising the average of the 
several series as a basis of comparison (cf. however, below). 

It might be argued that some definite basis of increase based on the probable 
increase of number of species with increasing area could be evolved. 

It is well known that the number of species per unit area does not increase 
proportionally with the size of that area, but whilst at first the number of 
species augments rapidly, with further increasing size of the area studied the rate 
of increase falls off’ till the curve becomes well-nigh flat. The empirical formula 
suggested by Arrhenius has been shown by Du Rietz not to hold for lichen 
communities, except where very small areas are involved, and if we apply 
the formula to the phanerogamic population of the Channel Islands, which 
furnish a number of islands with a wide range of area, this formula is found 
to fail us again. The number of species on a given area is partly determined 
by the facilities for invasion, and is thus a function of the periphery of the 
selected area, but it is also greatly affected by the average size (area and 
height) of the component species. For a uniform habitat and a community 
of species where the individuals were all of approximately equal size, the 
number of species would probably show a relation to increasing area close 
enough to be approximated by a mathematical formula. But examining the 
data of even such uniform communities as the lichen communities studied 
by Du Rietz, we find that the number of species on a sq. metre ranges from 
three to eighteen; on a J; sq. metre from two to fifteen and for 16 sq. metres 
from four to twenty-nine. Other examples could be cited showing similar 
differences, but with such deviations in a type of community that might he 
expected to yield relatively uniform results, the value of any pseudo-mathe- 
matical representation becomes highly problematical. 

Hence it would seem undesirable to attempt any automatic system of 
regulating the size of the unit areas employed. It would, however, be desirable 
to adopt an arbitrary convention as to the size of the unit area to be utilised 
in the study of each well-defined physiognomic type. This arbitrary area could 
for example be large for phanerophytic synusiae whilst for some synusiae it 
could be small. 

Reference may here be appropriately made to Palmgren’s and RauiiMaerA 
Law of Frequency.’' Importance has been attached by Rauiildaer and others 
to the fact that when species, in a homogeneous community, are classified 
in certain frequency classes there is a decrease in the percentage present in 
each class, in the order of increasing frequency, except the class of highest 
frequency, in which the percentage of species is higher than in the penultimate 
class. The fact that this is only applicable to homogeneous communities and 
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of distribution. A cbaracteristic species, even if strictly limited to a particular 
type of community, bas but little pbytosociological value when it is of purely 
local occurrence. Rolf Nordhagen has recently shown that, for the Sylene 
region of Norway, characteristic species with any marked degree of exclusive- 
ness are almost entirely absent, and one is there forced to rely on the 
constant and dominant species for the characterisation of the communhies 
of that area (R. Nordhagen, Die Vegetation iind Flora des Sylenegehietes, 
Oslo, 1927). Exclusiveness is in reality a type of frequency in which we are 
dealing, not with occurrence in a limited number of sample areas, but with 
the occurrence of species in the community as a whole, in relation to its 
occurrence in communities of other types. It is a ratio concerned with exten- 
sive studies and as such is commonly not based on numerical data and, there- 
fore, its expression by literal symbols or roman numerals is to be preferred 
to a representation by arabic numerals— a practice which is to be deprecated. 
It cannot be too strongly urged that such estimates should never be treated 

as statistical data. • 

Greater precision in the use of the term ‘'exclusive” would he gained by 

its employment with reference to the proportion of occurrences (as expressed 
in percentages) in geographically separated examples of one community as 
compared with its occurrence in corresponding examples of another. In the 
case of continuous areas extending over large tracts of country, percentage 
occurrence on an equal number of areas separated by equal and arbitrarily 
fixed intervals (e.g. 2 kilometres) in the two types of community could be 
utilised as a basis for comparison. Except when exclusiveness is absolute, a 
condition which rarely obtains, it will seldom be of the same order with 
reference to more than one other type. The current method of assigning a 
degree of exclusiveness to a particular species in a community, is illogical, 
and, moreover, tends to obscure the real relations. The exclusiveness of a 
species in one type of vegetation must be separately determined in relation 
to each other type with which it is compared. 

The degrees of dominance to a largo extent find numerical expression in 
the determination of height and area of species considered in relation to 
physiognomy. Sociability is based on subjective judgment, and it is doubtful 
whether a numerical basis would yield results of greater practical value. The use 
of numerical symbols for non-numerical data is here again to be deprecated. 

Finally one would urge that if numerical symbols be employed for non- 
numerical determinations roman numerals should be used, and it should 
always be pointed out that the data are not statistical. 

Environmental data. 

Of the environmental factors it is generally admitted that data as to rain- 
fall, temperature, humidity and evaporation, light intensities and, if possible, 
wind velocity, are desiderata. With respect to these, however, it is often not 
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practicable to obtain data over a sufficient period to warrant more than 
tentative conclusions and, in view of the marked character of climatic fluctua- 
tions and the known periodicity to which they are subject, it is doubtful 
whether any useful purpose is served by obtaining data of temperature and 
rainfall ^ except where continuous and continued observation is possible. 
IWaponmeter records over even short periods are useful, especially as a means 
of comparison between degrees of exposure in various communities or their 
separate strata. Humidity data, imless continuous or recorded at frequent 
intervals, are apt to be very misleading, but the stomatal frequency to which 
reference has already been made can be utilised as an indirect means of inte- 
grating tlie water relations of tlie environment. 

"W md velocity data are desirable, especially where exposure is severe, and 
where, apart from the indirect effect on humidity, these wind velocities are 

siiiiicieiit to have a direct mechanical influence. 

Topographical data respecting aspect, slope and altitude are so clearly 

necessary as to need no emphasis. 

Attention may be drawn to the need, especially marked in the case of 
climatic data, for an explicit statement as to whether they are applicable to 
the habitat as a whole or have only been determined for a partial habitat. 

Respecting the soil its stratification should be determined with regard to 
organic content, carbonate content and/or exchangeable bases, and hydro^^en- 
lon concentration. The stratification (soil profile) with respect to natural 
water content should be determined during the growing season and during 
the seasons of maximum and minimum moisture. Determinations after heavy 
rainfall are desirable as a means of ascertaining the efficiency of the pre- 
cipitation in respect to the successive strata of root-systems. 

_ Except m intensive studies httle can be accomplished with respect to the 
biotic factors, apart from the seasonal succession, assimilatory periods, relative 
eights, and density of shade cast by the respective species, which belong 
more properly to the domain of physiognomy. In detailed studies the rate of 

sexual and vegetative increase is one of the most important features to be 

observed. 

_ Data regarding the abundance of browsing animals such as deer, rabbits, 
field-mice, etc., are desirable, and the occurrence of earthworms and mollusca 
have considerable significance as indicators of the habitat conditions. 


SUCCESSIONAL DATA. 

As we are here concerned with the description of communities rather than 
the relations between them, succession phenomena will only be of minor 
importance when but a single and relatively stable community is being de- 
scribed. But since all communities are dynamic and not static, the successional 
status is an essential part of their description. The phases of primary and 
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secondary successions slionld be distinguisbed and their ascertained or sup- 
posed relations clearly indicated. Their diagnosis and dehmitation should 
correspond to that of the climax community, so that what has already been 
said applies to these also and no separate method of description need be 
adopted. It is, however, particularly desirable that writers should distinguish 
between the observed facts and the interpretations placed upon them. In but 
few instances can the actual phases, in time, of a succession be directly 
observed and the separation, as far as possible, of observation and interpreta- 
tion will add both to the clarity and utility of such descriptions, whilst should 
the interpretation of the supposed succession ultimately require modification 
or even prove invalid, the recorded facts will still retain their full value. 
Furthermore, the mingling of facts and inference as to succession is very 
liable to result in the omission of data that the investigator has acquired which, 
though valuable in themselves, form no part of the evidence for the postulated 
succession. 

The role of different species in the process of succession is very varied, 
some species accelerating, others retarding, the normal phases of development. 
Thus, on English salt-marshes, the early advent of Obione portiilacoides may 
greatly retard or even apparently inhibit further development, whereas 
Glyceria mariiima^ which may appear very early in the succession or relatively 
late, greatly accelerates the process of development. As Prof. Riibel has sug- 
gested to me, it is desirable that the successional data should include mention 
of those species which have any such special significance, either as accelerators 
of succession or regression, or as stabilisers. 

In the foregoing suggestions I have endeavoured to outline a basis upon 
which greater uniformity might be attained. It is most undesirable that any 
scheme of description should be generally adopted which is not sufficiently 
flexible to meet the needs of investigators with diverse points of view. But if 
such data as here indicated were included in every description of a plant com- 
munity, it would render valid comparison possible between the observations 
of different workers whilst permitting that individuality of treatment which is 
equally essential to progress. 

The author is indebted to various ecologists for the opportunity of dis- 
cussing his view^s with them and, in particular, to Prof. Tansley for helpful 
criticisms in respect to the form of their presentation. 
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I. Introduction. 

In a preUminary survey of the data concerning the fluctuations in numbers 
of British voles, written in November 1929 (Middleton, 1 ), it was shown that 
the maximum periods of abundance during the past 40 years fall into a more 
or less regular cycle of about 4 years. Methods were evolved for the purpose 
of obtaining more rehable evidence regarding future fluctuations, 
an annual trapping census carried out on a number of areas in Great Britain, 
and a system of reports from observers throughout the country. In the 
present paper will be given the results of the past year’s investigation correlated 

with and extending the previous work. , . -n j i ■ 

The research is being financed by the Empire Marketing Board, and is 
carried on under the direction of Mr Charles Elton un the Department of 
Zoology and Comparative Anatomy at Oxford, by kind permission of Pio . 

E S Goodrich E.K.S. The writer wishes to thank the many observers through- 
out the country who have so readily given both information and practical 
assistance in the work. The Forestry Commission and many private estate 
owners have continued to give valuable facilities and arrange for trapping 
operations in many parts of the country. 

II. The vole census. 

The trapping census originated in 1929 was repeated in 1930 on the same 
areas, and a number of additional censuses were taken on new areas, ihe 
procedure adopted was practically the same as in 1929, 50 unbaited Break- 
back traps being placed in runs in a line at about 5-yard intervals, and visits 
made every 24 hours; the position of the 1930 trapping line was not exactly 
the same as in 1929, but was moved 10 yards to one side of the previous line. 
The number of days trapping was reduced to five, in order to obviate the 
necessity for Sunday work on the part of foresters and others carrying out 
the census, and the period chosen was from August 11th to August 16th: 
except in one or two instances this period was strictly adhered to by the 
persons responsible for the trapping. The complete results of the trapping for 
both 1929 and 1930 are given in the table. In order to make a correct compan- 
son between the two years, the results of 5 days’ trapping only have been given 
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Place and County 
Wilsey Down, Cornwall 
Halwill, Devon 
Eggesford, Devon 
H’aldon, Devon 
Wareham, Dorset 
Exmoor, Somerset 
Quantocks, Somerset 
New Forest, Hants. 

Dean Forest, Glos. 
Newcastleton, Roxburgh 

, - 

Lauder, Berwick 
Closeburn, Dumfries 
Thornhill, Dumfries 
Blairadam., Fife 
Drummond H.ill, Perth 
Montreathmont, Angus 
Balmoral, Aberdeen 
Kirkhill, Aberdeen 
Huntly,. Aberdeen* 

Deer, Aberdeen 
Corrour, Inverness f 
Glenmore, Inverness 
Glemirquhart, Inverness 
Glenhiirich, Inverness 
Dlenfinart, Argyll 
Teindland, Moray J 
Lethen, Nairn 
Ratagan, W. Ross 
Ardross, E. Ross 
Loch Maree (Mainland) 
Loch Maree (Island) 

Isle of Mull 


Table I. Vole census results, 1929 and 1930, 
1929 
Wood 
mice 


Date 
Sept. 6 
Sept. 5 
Sept. 3 
Oct, 10 
Sept. 9 
Sept. 11 
Se|)t. 19 
Sept. 16 
Aug. 21 
Aug. 5 

Aug. 1 


Oct. 21 
Oct. 31 
Oct. 14 
Oct. 8 
Aug. 5 

Aug. 1 
Nov. 8 
Aug. 19 
July 26 
Nov. 27 
Aug. 1 

Aug. 6 
Aug. 5 
Aug. 12 
Aug. 1 


Field 

voles 

24 

10 

11 

4 

4 

4 

6 

6 

15 

34 

55 

13 

4 

56 

9 

5 

35 
17 
45 

14 

10 
21 
71 
78 

137 

23 

71 

48 

21 

56 

12 

31 


Bank 
Shrews voles 
4 — 
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(5 days’ traf lying.) 

1930 

Field Wood 
voles mice Shrews 


Date 
Aug. 11 


Bank 

voles 


4 

8 

1 

7 

6 

3 


1 

3 

3 

2 

1 

1 

9 

10 

14 

6 

0 . 


5 
16 
22 

1 

1 

9 

4 

14 

6 
6 
6 
6 
8 
9 


Aug. 16 
Aug. 11 


Aug. 16 
Aug. 11 


27 


* Heavy storms in August 1930 inefficient. 

*1 Area heavily poisoned in siiring ot 1J30. 

Table II. Vole census results, one year only 


6 

10 

4 

3 

4 

24 

26 

42 

56 

28 

13 

12 

34 

34 

2 

7 

8 
16 
13 

8 

15 

37 

4 

6 

20 

28 

23 

3 

37 


11 

11 

3 

4 


1 

5 
3 

3 

8 

4 

6 
6 
2 


9 

3 

4 

1 

7 

3 

4 

3 

4 

8 
6 
1 
8 


f Two days’ trapping only, in 

, (5 days' tmffing) 

1929 


1929. 


Place 

Beauiy, Inverness 

Lyminge, Kent* 
Ciiiddingfold, Surrey* 
Nacton, Suffolk 
Thetford, Norfolk 
Finchainpstead, Berks. 
Brecon, S. Wales 
Carmarthen, S. Wales 
Dean Forest, Glos.* (2) 
Corris, Mid- Wales 
Beddgelert, N. Wales 
Woodstock, Oxon. (A) 

.. (S) 

.. (C) 

Waleot, Shropshire 
Delamere, Cheshire 
Cannock Chase, Staffs. 
Clipstone, Notts. 

Selby, Yorks. 

Thornthwaite, Cumberland 
Chopwell, Durham 


Date 
Aug. 12 

Aug. 11 

Aug. 19 
Aug. 11 


Aug. 21 


unopwen, ® 77 

Rothbury, Northumberland Aug. 11 


Field 

voles 

11 


4 
6 

11 

24 

35 

10 

3 

5 
3 
8 

14 

2 

8 

40 

33 

12 


Wuod 

mice 

1 

1930 

5 

8 


Shrews 

14 


Bank 

voles 


10 


12 

13 

5 

2 

1 

23 


3 

11 


3 

1 

1 

9 


Census carried out in woodlands instead of on grass area. 
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for the 1929 census, althougli in that year the census was actually carried on 
for 6 days. The results of this were given in the previous paper (Middleton, 1). 

The working of this trapping census has in practice not been found very 
satisfactory, and it appears probable that the results are liable to a number 
of errors. Observations of vole-infested areas show that there is a consider- 
able localised variation in the concentration on any one area, possibly arising 
from expansion of colonies or local migration. For example, during the vole 
plague in Argyll in the winter and spring, 1929-30, the distribution was by 
no means uniform, areas of several acres sw’arming with voles, while on 
other parts of exactly similar nature hardly a vole could be found, and in 
some parts of the area vole traces (droppings, run’ways, damage, etc.) were 
abundant, but few voles w^ere actually on these spots at the time. A similar 
state of affairs existed in the Keswick region of Cumberland at the same time, 
where voles were very numerous but not uniformly distributed over the whole 
area. The effect of weather conditions on trapping in the exposed areas fre- 
quented by voles is also a source of considerable trouble, as it influences the 
efflciency of both the traps and the trapper, and probably the activity of the 
voles themselves. Other trapping experience in various parts of the country 
has shown that heavy rainfall has a pronounced eSect on the results of trap- 
ping. The extreme variability in the weather conditions at various points 
between the south of England and the north of Scotland during a short-period 
census in August probably entails significant errors in results for comparison 
with each other and with previous censuses. The question of definitely reducing 
the population on census areas in cases where very few voles are present 
must also be considered. As it is impossible to make mathematical corrections 
for all these errors, and a really efiective trapping census wouM entail more 
work than most voluntary trappers could be expected to do, it is proposed 
to reduce the number of censuses as carried on at present, and to evolve more 
accurate methods for apphcation on a limited number of areas. 

Striking instances of increase or reduction in numbers are, however, un- 
doubtedly shown by the trapping censuses, but minor variations cannot be 
regarded as significant. The relative evidence regarding numbers given by 
competent observers appears to be a more satisfactory index of the fluctua- 
tions, and, although not statistical, enables more or less accurate maps of the 
population to be compiled. The map showing the position in the year ending 
September 30th, 1930, is compiled mainly from observational evidence. From 
many of the census areas additional observational evidence has been obtained, 
and this does not always agree with the results of the trapping. 

III. Numbers in 1930. 

The accompanying map, showing the vole population in 1930, has been 
divided into six arbitrary areas, and the position in each area will be dis- 
cussed in detail as far as the reports available will allow. Eeports from some 
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localities have not been, received up to the time of writing, but it is thought 
that little information of importance is likely to be omitted from the following 
summary. 


Area 1 . Southern England. 

One area only in the south of England shows any notable increase in 
numbers for 1930. In the New Forest region of Hampshire numbers have been 
considerably higher than usual (F. H. Haines, and result of vole census). The 
Cornwall, Devon, and Somerset censuses record low numbers of voles, although 
wood mice {Apodemus) appear to have increased in the Exmoor, Quantocks 
and Haldon areas. The yellow-necked wood mouse {Apodemus flavicollis) was 
found to be numerous in the Andover district of Hampshire in the autumn 
of 1930 (J. R. Groome). Continuous trapping which has been carried on at 
Wilsey Down, Cornwall, shows that voles were fairly numerous there in the 
autumn of 1929, but suffered a marked decrease in numbers in the spring of 
1930 ( J. Chrighton). In south-east Hampshire and the Isle of Wight nothing 
abnormal was noticed (A. Arnold). From north Hampshire (W. Balgarnie), 
south Berkshire (M. A. Carlisle-Crowe), Surrey (C. G. 0. Bond; A. Beadell), 
Sussex (E. Aston; J. A. Harrison; C. Hazehnair), Wiltshire (Miss Duncan), 
north Somerset (J. Furze), Dorset (W. Ford; the writer), and Kent (E. G. B. 
Meade-Waldo), reports indicate comparative scarcity or average numbers 
with no noticeable increase over 1929. From Cross-in-Hand district of Sussex 
a slight increase is recorded (H. W . Stone), and wood mice are numerous in the 
Edenbridge district of Kent (E. G. B. Meade-Waldo). 

Area 2. The Midlands and East Anglia. 

Throughout most of this area voles appear to have remained at rather 
a low level in 1929 and 1930. In north Northamptonshire they are reported 
as distinctly numerous in the summer and autumn of 1930 (J." W. Lee), but 
in south Northamptonshire no change was noticeable (the writer), and in the 
Rugby area of Warwickshire numbers are reported as normal (E. Campion). 
No change has been noticed in north Shropshire (H. E. Forrest) and south 
Shropshire (F. Pitt), but a slight increase is recorded in the Broseley district 
(G. Potts), and at Delamere in Cheshire the census indicates that voles are 
fairly numerous. Oxfordshire and north Berkshire appear to have shown 
httle or no increase from the low numbers of 1928 and 1929 (the writer). 
In south Lincolnshire no change is recorded (T. C. P. Beasley), but in East 
Anglia marked increase is noted at Hickhng, Norfolk (J. Vincent), and in east 
Suffolk (J. A. A. Forster; H. Drake), while /^average numbers are reported 
from the Merton district of Norfolk (F. Woolsey). Voles and mice were abundant 
in the Epping Forest area of Essex in the summer and autumn of 1930 
(A. Hibbert-Ware), but in the Coggeshall district they are reported as scarce 
(A. R. Thompson). 
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Area Wales and Borders. 

In tlie Forest of Dean a considerable increase has taken place during the 
year, and numbers are now fairly high in some of the grasslands of that district. 
In the Brecon and Carmarthen districts of South Wales voles were fairly 
numerous in the autumn of 1930, but continuous observations have not been 
made on those areas. In the Corris Valley, mid-Wales, numbers have remained 
at a rather high level throughout 1929 and 1930, with little indication of 
increase or decrease (J, Lomas; F. C. Best), and the same applies to a con- 
siderable area in east Montgomeryshire and Cardiganshire (F. C. Best). In 
the Snowdon area of Caernarvonshire voles and mice have been numerous 
throughout 1930, but no pronounced increase seems to have taken place 
during the summer (J. Brnwii; the writer). In Anglesey an increase has 
occurred (S. Lloyd), though numbers are not high throughout the island 
(W. Mason). 

Area 4. The North Midlands and YorlsUre. 

Over a considerable area in the West Riding of Yorkshire voles appear to 
have become numerous in 1930; from the Settle district (A. E. Montagu), 
Keighley district (R. Butterfield), Airedale generally (F. H. Edmondson), 
and the district immediately south of Leeds (P. Baldwin), a noticeable increase 
is recorded. A limited area in the Hackness district near Scarborough, East 
Yorkshire, also shows an increase, but other localities in the same region 
remain with low numbers (W. J. Clarke), At Sleaford, Lincolnshire, wood 
mice have been numerous but voles normal (Sir G. Whichcote), while at 
Leadenham in the same county no change has been noticed (J. S. Reeve). 
In the York (S. Smith; W. Brown), Skelmanthorpe (F. Lawton) and Goathland 
(R. J. Flintoff) districts of Yorkshire numbers have been low, and similar 
conditions prevail in the Preston district, Lancashire (S. Crook), and North 
Nottinghamshire (T. Anderson). 

xirea 5. Northern England and Southern Scotland^ 

In the Border country many areas have shown a marked increase in 
numbers during 1930, although nothing approaching a plague is indicated at 
the moment. In the English Lake District increase is recorded for certain 
locahties, as Windermere (E. J. Nurse), Keswick district (N. Laney ; the writer), 
and the Crake Valley, near Ulverston (J. F. Musham), but low numbers are 
reported in the Anibleside (A. Astley), Cartmel (W. Coward), and Coniston 
(W. G. Wilson) districts. In the Alston district of Cumberland no change has 
been noticed (G. Bolam). In north Northumberland generally a slight increase 
has been noticed (J. G. G. Rea), and a more decided increase in the Wooler 
district (E. I. Grey; G. G. Rea). The census at Rothbury, Northumberland, 
shows a considerable number of voles, and a very high population of wood 


196 Ftirther Contribution to Study ofFyeles in British Voles 

mice for a grass area (C. Scott). In tlie Cliopwell area of Dnrhain voles are 
also distinctly mimerous (W. Hodgson). At Ghricliness, Berwicksliire, an 
increase occurred (W. Caverhill), but at Mungoswalls in the same region no 
change was recorded ( J. P. Eoss-Taylor), and at Lauder the numbers remained 
at high level 'with little indication of increase (J. Lindsay). No change is 
reported on the Lammermoor Hills (A. E. MacDougall), Tweeddale, Peebles 
(M. G. Thorburn), nor in north Lanarkshire (M. G. Hamilton). In the district 
of Newcastleton, Eoxburghshire, continuous trapping operations throughout 
the year and the double census on the forestry area show that voles are very 
much more numerous than in 1929 (J. F. Macintyre, etc.), and at Ancrum 
in the same county they are reported to have at least doubled their numbers 
during 1930 (A. J. Eintoul). In the area round Thornhill, Dumfriesshire, 
reports also show^ a marked increase in numbers (H. Gladstone) which is sup- 
ported by the results of the census in that region (A. Menzies). On the hill 
pastures at the head of the Borthwick Valley, Selkirkshire, voles were very 
numerous in the autumn and winter, 1929-30, but were reduced to an absolute 
minimum in April and May 1930, and are now scarce in that area (A. Moffat). 

Area 6. The North of ScMland. 

In several areas in the northern half of Scotland 1929 was undoubtedly 
a maximum year for voles, and heavy reductions in numbers occurred during 
the spring and early summer of 1930. As noted in last year’s report (Middleton, 
1), voles were exceptionally numerous in the Cowal district of Argyll in the 
autumn of 1929, especially in the Glenfinart and Benmore district (round 
Loch Eck). In February 1930 a visit was made to this district by the writer 
and investigations carried out on the ground. Throughout the period August 
1929 to March 1930 the numbers were very high, and by the end of February, 
on many parts of the forestry areas, the ground vegetation of grass, mosses, 
and rushes was so eaten down that it appeared unhkely that the heavy vole 
population would survive until the onset of spring growth in the plants pro- 
duced a plentiful food supply. A great deal of damage was done throughout 
the winter to young trees in the plantations by ringing and nipping off branches 
of many species. Although voles were numerous throughout the whole district, 
trapping showed that the distribution was by no means uniform, even in 
identical conditions, and the voles appeared to have vacated many parts of 
the area where the eaten vegetation and damaged trees indicated their former 
presence in large numbers. Owing to adverse weather conditions it was 
difficult to carry out trapping operations which would give an accurate index 
of the numbers in particular localities. Trapping was carried on continuously 
in the young forestry plantations by the officials of the Forestry Commission, 
and part of the catch was examined by the writer. From February 18th to 
21st 56 voles (iHmfoi^ie^), 6 wood mice (Apodemus), 7 common shrews (Sorex 
aranetis), and 7 pigmy shrews {Sorex minutus), being a random sample of the 
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catoli obtained in pit-fall traps, were examined: all tlie animals appeared to 
be in perfectly bealtby condition, and tbe reproductive organs were in tbe 
normal winter condition, showing no signs of tbe onset of sexual activity. 
Of tbe 56 Micfotiis examined at this time 36 were males and 20 females. 
From March 15tb to April 4th weekly samples of voles were examined, 66 in 
all, of which 39 were males and 27 females. After March 21st all the males 
examined had large testes and were apparently in breeding condition, but 
none of the females showed the slightest sign of copulation or sexual activity. 

It will be noted that the sex ratio indicated by these examinations was ex- 
tremely high, being one of 160 males to 100 females. The only evidence of 
breeding voles in this district in the spring of 1930 consists of one nest with 
two young, found at G-lenbranter (the northern part of the area concerned) 
on May 7th (J, Calder). 

From the trapping operations and observations on the area, it appears that 
a considerable reduction in numbers occurred from the middle of March to 
the end of April: by the middle of June not a vole could be seen on the 
area (J. Fraser; H. MacMillan), and during the trapping census in August at 
Glenfinart not a single animal of any species was caught. (In the corresponding 
census in 1929 137 voles, 4 shrews and 27 bank voles were caught.) 

During February and March 1930 dead voles were found occasionally on 
several parts of the area, and some of these were examined bacteriologically. 
No definite cause of death was ascertained but, as the voles had usually 
been dead for several days before examination, this is not surprising. Six voles 
were obtained alive from Glenfinart in February, and one of these died later 
in captivity at Oxford of a haemorrhagic septicaemia. A bacillus was isolated 
from this infection which appears to be similar in character to 'Pdst&uTelld 
niiirisceptuMS (C. S. Elton, unpublished work). Owing to the difficulty of 
getting any live voles from Argyll at this time it was impossible to carry out 
satisfactory bacteriological work in order to determine conclusively wffiether 
an epidemic disease was the cause of the marked reduction in numbers as is 
strongly indicated by the circumstantial evidence. 

Birds of prey were not noticeably abundant during this plague in Argyll, 
although they were stated to be more numerous than usual ( J . Fraser). Weasels 
have been very numerous on the area during the summer of 1930, and have 
become more noticeable since the disappearance of the voles (H. MacMillan). 
A similar state of ajfiairs existed in the same area in 1927 (Middleton, 1). 
It is interesting to note that bank voles, wood mice and shrews appear to 
have decreased on this area in a similar manner to the field voles, as they were 
certainly numerous at the time of vole abundance. No bank voles (EvotoMys 
glareohis) were present among the voles and mice examined by the writer during 
February, March, and April, 1930, although they w^ere evidently numerous at 
the time of the August census in 1929 : it appears probable that the bank voles 
sufiered a reduction before the other species. 
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AltliougL. a considerable amount of information was gained in the short 
time available regarding the effects of vole abundance in Argyll at this time, 
it is much regretted that facilities, monetary and otherwise, would not allow 
of a more thorough investigation being made of this extremely interesting 
plague. It is obvious that such an investigation would throw a great deal of 
light upon the whole question of cycles in numbers, and would be well worth 
the expenditure of time and money involved, but it may be pointed out that 
the same area experienced vole plagues in 1922-3, 1926-7 and 1929-30, so there 
seems good reason to suppose that the case summarised above will not be the 
last of the series. 

Certain other areas in northern Scotland also experienced a maximum in 
1929, notably western Eoss-shire as shown by Eatagan (on the shores of Loch 
Duich) and the Loch Maree district. At Eatagan the numbers were very high 
in 1929, and amounted to a plague in the forestry plantations, but a reduction 
to an absolute minimum occurred in the spring of 1930, and no voles were 
caught in the census in August 1930 (W. Murray). At Loch Maree a con- 
siderable reduction from the abundance of 1929 has occurred, but voles are 
not so extremely scarce there as in the Argyll and Eatagan districts at the 
present time. In southern Inverness-shire a similar reduction has occurred at 
Glenhurich (W. Anderson), Corrour (S. Cameron) and Fort William (W. J. 
Guthbert) ; in the northern part of the county the reduction does not appear 
to be so pronounced. At Glenurquhart in 1929 voles were very numerous, and 
are still numerous at the time of writing, although there has been no noticeable 
increase, and possibly a shght decrease (W. Macintosh; the writer). Similarly 
Glenmore in the Cairngorm district does not seem to have had any marked 
variation during the two years, though voles are fairly numerous ( J. Kennedy) ; 
at Grantown-on-Spey they are reported as normal (G. Browne), and in the 
Nethybridge district no change from a normal scarcity has been observed for 
many years (W. Marshall). In east Eoss-shire at Ardross an increase is re- 
corded and numbers are fairly high there (G. Anderson) . On the island of Mull 
an increase has oecui-red, giving fairly high numbers for 1930 (J. Drysdale), 
but on Bute they are reported to be less in 1930 than 1929 (A. Smart). In 
Caithness a considerable increase is recorded (A. Sutherland). In Morayshire 
a decided drop in numbers has occurred from the very heavy population of 
1929 (D. Paterson; A. Warren; P. Machray). In Aberdeenshire numbers have 
remained fairly high at Pitfour (A. Eoss), increased considerably in the Huntly 
(J. Clark) and Bucksburn (F. L. Annand) districts, and decidedly decreased at 
Balmoral (J. Edwards). Further south, Montreathmont, Angus, records little 
change, with numbers rather low (J. McConnell), but in some parts of Fife an 
increase has taken place (A. J. Eintoul), and at Blairadam the high numbers 
of 1929 appear to have been maintained with perhaps a slight decrease 
(M. Macrae). The census shows a decided increase at Drummond Hill, Perth- 
shire, in 1930, and reports from the Blair AthoU and Dunkeld districts of the 
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same county show voles to be unusually numerous (K. Inglis). On the south- 
eastern slopes of the Grampians throughout southern Forfarshire voles have 
shown a marked increase in 1930, and are very numerous in many localities 
at the present time (D. D. Volume). A considerable increase is also reported 
from west Stirlingshire (J, Bartholomew). 

IV. The vole cycle. 

In view of the evidence obtained during the past two years it is obviously 
impossible to state that either 1929 or 1930 was a ‘'mouse year” for the whole 
of Great Britain. It is quite certain that 1929 was a maximum year for 
several areas in Scotland, notably southern Argyllshire and western Eoss- 
shire, as in these areas voles were at a pronounced peak in numbers in the 
autumn of 1929 and remained so during the following winter, sufiering a 
remarkable reduction in the spring and early summer of 1930. Eegarding the 
areas which experienced a maximum in 1930 it is impossible to give any con- 
clusions until the .1931 populations have been studied, as a peak year can 
more readily be deduced from the sudden fall in numbers which follows it 
than from the actual numbers in the year concerned. The number of areas 
from 'which reports of increase have been received indicates that a more wide- 
spread occurrence of maxima is probable for 1930, although there are no areas at 
present with such high concentrations as that experienced by Glenfinart in 1929. 

It seems that the comparatively regular cycle in numbers indicated by an 
examination of past records, described last year (Middleton, 1), is considerably 
modified by local conditions, and in some areas may actually have little or no 
influence on the voles and mice. It is possible that it is only in the presence 
of favourable local conditions that the cyclic influence becomes evident, while 
unfavourable conditions may permanently outweigh this influence in many 
districts, and in others the numbers may be kept below noticeable abundance 
in some “peak years.” The fact that the dates of so few important maxima 
during the past 30 years disagree with this periodicity indicates that especially 
favourable local conditions are rarely powerful enough to produce a vole 
plague at a time wdieii the cyclic influence is at a minimum, although they 
may stimulate increase siifliciently to bring about a maximum vole population 
in some areas in the year before the real peak of the general cychc influence. 

Summary. 

Further data are brought forward regarding the cyclic fluctuations in 
numbers of British voles {Microtus), mainly with reference to numbers in the 
years 1929 and 1930. In several parts of Great Britain 1929 was a maximum 
year and there is evidence that 1930 is probably a peak year in many other 
areas. 
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Journal of Ecology, 16, p. 172 and p. 399, 1928. 

1. GENERAL PAPERS ON PARTICULAR GROUPS OF ANIMALS. 

Witherby, H. F. “New British Birds and Alterations to the British List/’ 
British Birds, 24, pp, 22-25. 1930. 
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London Nat. for 76. 1930. 

A fly, Chylizosoma vittatum:, mining leaves of this orchid (the white helleborine) in Surrey. 

Foster, G. ^‘Oolletes daviesanus at Bendeg, Co. Down.” Irish Nat. Joiirn. 3, 
p. 112. 1930. 

Notes on a large nesting colony of this bee. Its parasite, Epeokis, does not occur in 
Ireland. 

Laidlaw, W. B. R. "Notes on Some Humble Bees and Wasps in Scotland. 
Scottish Nat 1930. 

Refers mainly to the Aberdeen district, but also to Mull and Edinburgh. Contains notes 
upon relative abundance of different species, seasonal activity, and species of plants visited. 

Laidlaw, W, B. R. " New Locality for the Solitary Wasp, Odynerus parietimis 
Linn.” Scottish Nat. p. 187. 1929. 

This, the third record for Scotland, was from Direleton Castle, East Lothian, in August 
1929. It occurred with Bomhus lapidarius, Psithyrus harhutellus and Vespa norvegica. 

Stelfox, A. W. “Maritime Species occurring Inland in County WicMow.” 

Irish Nat. Journ. 3, p. 83. 1930. 

Two sandwasps {Grahro peltarim and Tachysphex pectinipesj, a mason wasp {Odynerus 
trimarginatus), and a wolf spider {Lycosa picta) were found on an inland sandy area some 
30 miles from the sea coast. 

Bristowe, W. S. “The Spiders of Skomer Island.” Proc. Zool. Soc. London, 

pp. 617-622. 1929. 

Includes a general description of the island with a list of the spiders, with habitat notes 
(some from caves), and a record of spiders actually seen crossing the water between Skomer 
Island and the mainland on gossamer. 

Bristowe, W. S. “The Distribution and Dispersal of Spiders.” Proc. Zool. 

Soc. London, pp. 633-657. 1929. 

An important discussion of these problems. Pholcus phalangoides (a species widely 
dispersed by man) has a distribution clearly correlated with temperature. A list of twenty 
other species with similar warm-climate distribution is given, together with a corresponding 
list of northern forms. The absence of certain species from islands is attributed partly to the 
effects of exposure and wind. It is pointed out that springtails, small flies, aphids, etc., 
are sometimes found entangled in spider gossamer, and may be dispersed in this manner. 
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Bristowe, W. S. “Notes on the Biology of Spiders: 3. Miscellaneous Notes.” 
Ann. and Mag. of Nat. Hist. Ser. 10, 6, pp. 347-353. 1930. 

Incliides notes on tlie liabitats and distribution of two species of Oonops^ several notes 
on tbe ecology of Indian spiders, and on spiders in birds’ nests in Britain (rooks, gulls, shags, 
and cormorants). 

Womersley, H. “Some Additions to the Collembola of Britain.” Awra. and 
Mag.of Nat. Hist. Sei. 10,6, -p^.U9-l5S. 1930. 

Two of the species are from wasps’ nests, 

PeterSy B. G, “A Biological Investigation of Sewage.” Journ. Helminthology, 
8, pp. 133-164. 1930. 

Contains an account of the fauna found in and on sewage tanks and effluents (many 
Protozoa; also Nematodes, Rotifers, Gastrotricha, Worms, Crustacea, Flies, a Springtail, 
and a Tardigrade). 

Oldham, G- Notes on the Land and Freshwater Mollnsca of Foiila.” Scottish 
AaLpp. 37-38. 1930. 

Contains a few notes on habitats, and a list of species collected on this island of the 
Shetlands. 

3. A.NIMAL BEHAVIOUR AND THE ACTION OF ENVIRONMENTAL FACTORS. 
See Sbctiok 7 on Nitmbeks of Animals. 

Graham, R. R. ^'Safety Devices in the Wings of Birds.” British Birds, 24, 
pp. 2-21, 34-47, 58-65. 1930. 

An important account of the mechanical arrangements of birds’ wings, which are com- 
pared with similar devices upon aeroplanes. Birds have an equivalent to the slotted- wing of 
the Handley- Page aeroplane; also, in the bastard wing, a device resembling the Handiey- 
Page auxiliary aerofoil. 

Jonrdain, F. G. R. '^Green Woodpecker attacking Hives.” British Birds, 23, 
pp. 273-274. 1930. 

Pecking holes in wooden bee-hives, but no evidence that the bees or honey were taken. 

Elliott, J. S. Starlings using a Roost in Summer.” British Birds, 23, 
p. 273. 1930. 

Over 20,000 birds roosted in a chestnut plantation in June 1913, in Bedfordshire. 

Oldham, G. The Shell-Smashing Habit of Gulls.” Ibis, 6, pp. 239-243. 1930. 

Discussion of the significance of the habit, and as to whether it is instinctive or acquired 
in special circumstances. 

Wynne-Edwards, V, G. ''On the Waking-time of the Nightjar {Gaprimulgus 
E, EiiTOfaeus)E Journ. Exp. Biol. 1, pp. 241-247. 1930. 

Contains evidence of a lunar periodicity in activity and breeding. It is suggested that 
this periodicity is controlled b}^ variations in the effective length of night. 

Stelfox, A. W. "Wasps’ Nests: Their Normal and Some Unusual Situations.” 
Irish Nat. Journ. ^'^-101. 1930. 

Records examples of a normally tree-nesting species of wasp ( Vespa sylvestris) occup3dng 
underground sites (especially on wind-sw'ept areas such as islands, but also in localities 
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with, trees available), and of the normally ground-nesting species (V. vulgaris) occurring 
in a. hedge on a summer-house. It is suggested that the wasps are more adaptable in habits 
than the usual ideas about their fixed instincts would indicate, 

Diiiilop y G, A, '' Some Notes and Correspondence on a ‘ mixed ’ nest of Vesj)a.'^ 
North ‘Western Nat, 5, pp. 87-90. 1930. 

An apparently mixed nest of Vespa vulgaris and V, germanicai which is discussed, 
A list is given of animals found in the nest (a fly, three beetles, a harvestman (Phalangid), 
and a centipede). 

Baraesy H, F. '' On the Biology of the Gall-Midges (Cecidomyidae) attacking 
Meadow Foxtail Grass {Alopecurus pratensis), including the Description 
of One New Species.’’ Ann. Appl. Biol. 17, pp. 339“-366. 1930. 

The high percentage of foxtail grass seed destroyed by insect larvae is a problem of some 
economic significance. The author found three species of midges were concerned : Dasynmra 
alopecuri, Stenodiplosis genimlat% and Gontarinia merceri (new species), the last being the 
most important. The distribution and life-cycles of the species are described. A simple 
method of control is suggested: keeping sheep on the grass until after most of the midges 
have emerged, and thus delaying flowering of the grass until few" midges remain to breed. 
In this way smaller heads of seed are obtained, but the higher percentage of ripe seeds com- 
pensates fuUy for this loss. 

BarneSy H. F. ‘'On Some Factors Governing the Emergence of Gall Midges 
(Cecidomyidae: Diptera).” Proc, Zool. Soc. London, pp. 381-393. 1930. 

The periodicity in times of emergence is very marked, and is correlated with certain 
environmental rhythms. The effects of this periodicity upon infestation of the midges by 
parasites is discussed. 

Wardley H. A. “Significant Variables in the Blowfly Environment,” Annals 
of Aiipjlied Biology, 17, pp, 554-574. 1930. 

An attempt to find a mathematical formula to fit the rate of increase of Liicilia sericata 
in respect to different conditions of temperature, humidity, etc. 

Bristowe, W. S. “Notes on the Biology of Spiders: 1. The Evolution of 
Spiders’ Snares.” Ann. and Mag. of Nat. Hist. Ser. 10, 6, pp. 334—342. 
1930. 

Bristowe, W, S, “Notes on the Biology of Spiders: 2. Aquatic Spiders.” 
Ann. and Mag. of Nat. Hist. Ser. 10, 6, pp. 343-347. 1930. 

Triffitt, M, J. “On the Bionomics of Heteroderes schacMii on Potatoes, with 
Special Eeference to the Influence of Mustard on the Escape of the 
Larvae from the Cysts.” Joiim. Helminthology, 8, pp. 19-48. 1930. 

The author found by experiment that the roots of potatoes give off a substance which 
stimulates emergence of this nematode from its cysts. This substance is only given off while 
the plant is growing. It is fairly stable under sterile conditions (though not in unsteriie 
conditions), and acts in minute quantities. Mustard roots give off another substance which 
inhibits the formation of cysts, and may therefore be of great importance in the control 
of the nematode pest. 
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Notices of Publicatiom on Animal Ecology 

4. PARASraBS OF ANIMALS. 

Scott, A. “The Copepod Parasites of Irish Sea Pishes.” Proc. and Trans. 
Liverpool Biol. Soc. 43, pp. 81-119. 1929. 

A long 1st of species and tleir hosts, with notes on structure and life histories. 
Goodey^ T. "''On the Nematode Parasite of the Prit-Fly Oscinella frit, 
Joim. Helminthology, 8, pp. 123“132. 1903. 

This species causes parasitic castration of the fly (which is an important pest of cereals). 

5. PLANT GALLS. 

See also Section 3 (Barnes), 

Bnrkilly H. J. Contribution towards a List of the Plant Galls of Shrop- 
shire.’’ North Western Nat, 5, pp. 25-35. 

A long list of species and their hosts. 

BnrMlly H. J. ‘‘Some Notes on Midge Galls 1929.” Entomologist, 63, pp. 69- 
61. 1930. 

Gives hosts and species of midges, from various localities. 

BurMll, H. J. “Plant Galls.” London Nat for 1929, pp. 107-111. 1930. 

Many records of galls caused by diflerent organisms. 

BiirMIl, H, J. “British Gall Mites.” London Nat, for 1929, pp. 58-68. 1930. 

A complete list of the mites, with names of host plants, and references to the various 
records. 

Heslop Harrison, J. W. “ Two New Eriophyid Mites.’ ’ Proc, Univ, of Durham 
PUl, Soc. 8, pp. 168-170. 1930. 

One species was forming galls on Eryngium Bourgati in the French Pyrenees, the other 
on Tlmlictrum dunense near Durham. 

Massee, A. M. “A New Subspecies of Eriophyid Mite on Plum Galls.” Ann, 
and Mag. of Nat Hist. Ser. 10, 6, pp. 145-148. 1930. 

6. FOOD HABITS. 

See also Section 7 (RitcMe). 

Brown, R, H, “The Food of Certain Birds of Prey.” British Birds, 23, 
pp. 269-272. 1930. 

A very important list of flrst-hand observations made in Cumberland and Westmorland. 
The birds include raven, owls, peregrine falcon (many observations), merlin, kestrel, buzzard, 
sparrowhawk, and heron. 

Davis, H. H, “Food of Tawny Owl.” British Birds, 24, p. 24. 1930. 

Eemains of a moorhen, and of a green woodpecker found in a nest near Bristol. 
Patten, G. J. “The Little Owl and Little Babbits.” Irish Nat Journ. 3, 

, pp. 92-94. 1930. 

Contains evidence that the little owl sometimes takes young rabbits. 

Allen, G. S. “Diet of Young Buzzard.” British Birds, 24, p. 79. 1930. 

A young buzzard in Pembrokeshire was fed by its parents during 19 days, upon thirty- 
nine rabbits, twenty-four moles, one weasel, three mice, two moorhens, five pheasants, one 
chicken, and one hlackbird. 
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Astley, A. “Pied Flycatclier eating Worms.” British Birds, 24, p. 52. 1930. 

Brown, R. H. “PiedFlycatcher eating Worms.” British Birds, 24,p. 76. 1930. 

Garnett, R. M. “Little Gull feeding on Earthworms.” British Birds, 23, 
pp. 278-279. 1930. 

Moffat, G. B. “Titmice eating Corn.” Irish Nat. Journ. 3 , p. 90. 1930. 

Tits eating oats. 

Loewentlial, A. ''Blue Tits and Corn.’’ Irish Nat Joiim. 3^ p. 55. 1930. 

Confirms tiie fact that they will eat corn. 

Daviesy W. M. " Notes. on tlie Contents of the Crops of Wood Pigeons.” WortA 
Western Nat, 5, pp. 92-95. 1930. 

Fourteen pigeons examined in February 1930, contained mainly iY3?’berries and leaves 
of Banunculus hulhosus and R. ficaria> together with lesser amounts of leaves of Trifolium 
repens, Rumex acetosa, and grass. The author points out that this investigation,, though 
limited in extent, does not confirm the theory of farmers that the pigeons damage clover^ etc, 

Theobald, F. ¥. "Notes on Insects Feeding on Hops in 1928 and 1929.” 
Entomologist, 63, pp. 7-10, 1930. 

7. THE NUMBERS OF ANIMALS. 

See also Section 3 (Wardle); Section 8 (Ritciiie). 

Baker, J. B. "The Breeding-Season in British Wild Mice.” Proc, Zoot Soc, 
London, pp. 113-126. 1930. 

It is shown that the factors controlling the annual breeding rhythm in Apodmm syhatmis 
and Evotomys glareolus are very little understood, and that there are important variations 
in the extent of breeding activity in different winters. 

Ritchie, J. " St Kilda and the Significance of some of its Animal Inhabitants. ” 
Scottish Nat. pp. 69-74. 1930. 

Contains chiefly a discussion of the position, past and future, of the fulmar petrel, an 
important food item of the islanders, and brings forward evidence to show that the recent 
spread and increase in numbers of this bird was due partly to the decreasing population of 
St Kilda, and partly to the change from natural to artificial foods accompanying the visits 
of mainland steamers since 1877. 

Tucker, B. W, (edited by). "Report of the Oxford Ornithological Society 
and the Ornithological Section of the Ashinolean Society for 1929.” Proc. 
and Rept. A'shnolean Nat. Hist. Soc. of Oxfordshire for 1929, Supplement, 
pp. 1-38. 1930. 

Contains a number of notes on migration, changes in numbers, etc. Particular mention 
may be made of notes on effects of the cold spell in early 1929 upon bird life, many birds 
being kiUed, disappearance of house martin as a breeding bird, and immigration of crossbills. 

Riviere, B. B. "Ornithological Report for Norfolk for 1929.” British Birds, 
23, pp. 282-288. 1930. 

Comments on effects of the cold spell early in 1929. Aquatic birds (herons, moorhens, 
waders, etc.) and also small land birds (thrushes, bearded tits, etc.) were killed. On the 
other hand it w^as an unusuaffy favourable spring for the breeding of partridges and wild 
pheasants. Immigration of crossbills. 
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Salter, J. H. “Changes in a Local Avifauna.” North Western Nat. 5, pp. 14- 
17. 1930. 

Refers to the Aberyst^^yth district during a period of about forty years. Points dealt 
with are the destruction of small birds by the frost of February 1929, effects of dry and wet 
summers on the numbers of migrants, etc. 

Bondy W. R. ''Some Effects of a Cold Winter on Birds, and Other Observa- 
tions.” Pfoc. Dorset Nat. Hist, and Arch. Soc. 51, pp. 223-231. 1930. 
Refers especially to the effects of the cold spell in February 1929, which killed many 
species of birds. There is also a note upon mortality among eels during cold winters in the 
Crimean War and in 1880, but not in 1929. The eel mortality was supposed to be due to snow 
water entering the sea in large amounts, 

Watsoiiy 3u B. "Mortality amongst Swifts caused by Cold.” British Birds, 24, 
p. 107. 1930. 

Mortality on the SuffoUi coast caused by heavy summer storms during the southward 
migration. 

Eggeling, W. J. " Storms and Destruction of Bird Life.” Scottish Nat. p. 8. 1930. 

Sixty -five seabirds of various species found dead along a 2|- mile stretch of shore, after 
vdnter storms. 

Stewart, W„ " The Rook in Lanarkshire in 1922-29.” Scottish Nat. pp. 15-21. 
1930. 

An important series of census statistics, repeating in 1929 the work done in 1922. It is 
estimated that the population had increased from about 18,800 in 1922 to 23,800 in 1929, 
but that this increase was mainly confined to an area in the east of the county equal to 
about 5 per cent, of the total area. In this region tremendous increase and colonisation of 
coniferous woods had occurred, and was causing annoyance. 

Inkster, G. J. " House Sparrows return to Mid-Yell.'’ Scottish Nat. p. 68. 1930. 

Still very few sparrows on Mid-Yell (Shetlands), after epidemic in 1928 which com- 
pletely wiped out all birds on the mid-part of the island, though not at the north and south ends . 

Duncan, A. B. "A Bird Count in Lewis.” Scottish Nat. p. 177. 1929. 

A rough transect census from a motor car on different types of ground in 1929. 
M^Gonachie, W. "The Return of the Goldfinch.” History of Berwickshire 
Nat. Olub, 27, Part I, pp. 111-114, 1929. 

The goldfinch was fairly abundant in the Berwick area in the early nineteenth century, 
but became very scarce by the middle of the century (also in other parts of Britain). At 
the end of the last century it began to reappear, and there has been a very marked increase 
from 1925 onwards, also in other districts on the border. The recovery is attributed to the 
laws prohibiting trapping of small birds. 

Gorlett, "The AAinter Status of the Bass Rock Gannets.” British Birds, 
24, p. 53. 1930. 

Notes made •while on a destroyer between the years 1912 and 1918, raising the question 
of where the Bass Rock gannets go in winter. 

Riatoul, L. J. and Baxter, E. V. "Bird Notes from Skye.” Scottish Nat. 

. pp. 85-87. 1930. 

Includes many notes on changes in numbers and distribution. 
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Lumby, J. R. and Atkinson, G. T. “On Unusual Mortality amongst IFisli 
during Marct and April 1929 , in tbe North. Sea.” Joiirn. du Conseil, 4 , 
Dec. 1929 (reviewed in the Scottish Naturalist). 

Contains a number of examples of mortality among marine fish, e.g. tile-fish, off ISfew- 
foundland in 1882, cod off Labrador in 1876 , haddock off Lapland and Norway in 1789, 
and soles, brill, cod, dab, plaice, and crabs, in the southern part of the North Sea in 1929. 
Most of these deaths are attributed to invasion of regions by unusually cold water. 

Storrow, B, '' Cullercoats Herring Investigations and tkeir relation to Other 
Marine Work: an Essay on Fluctuations.’’ Proc. TJniv, of Dtifham Fhil. 
Soc. 8, pp. 191-238. 1930. 

Preliminary investigations showed that ‘‘a parochial point of view, such as would he 
obtained from the examination of local shoals only, was of little use for any iinderstandiiig 
of the herring fishery.” In the investigation of the problem of fluctuations “which is the 
greatest of all problems connected with fisheries,” over 60,000 herrings were examined 
between 1919 and 1929. Starting with the idea that fluctuations depend “ on the hatching, 
dying, and sw^imming of the fish,” the author follo’ws up each factor that may influence 
these processes, and is led to extremely interesting conclusions about the effects upon 
plankton and upon fisheries of the invasion of Atlantic water periodically into the North Sea. 
This paper opens up very effectively the large vista of work required for a proper under- 
standing of fluctuations in fish numbers. 

Smith, W. G. Study of the Manx Herring Shoals during the Period 1923™ 
1928.” Ptoc. and Trans, Liverpool Biol, Soc, 43, pp. 17-76. 1929. 

An extensive investigation, with many tables and diagrams, and discussion of variation 
in growth and age classes. 

Thompson, W. R. “The Principles of Biological Control.” Ann. App. Biol 
17, pp. 306-338. 1930. 

A general survey of the present prosi)ects of biological control of insect pests. The author 
believes that epidemics, although occurring naturally to a certain extent, have not yet 
proved of any aid in artificial control, although experiments are being made in America 
with Mermithid Nematodes against grasshopper outbreaks; that vertebrate predators are 
seldom important in controlling insect outbreaks; but that insect parasites (Diptera, Hy- 
nienoptera, etc.) are yielding very promising and important results. The various factors 
involved in application of control of the last t\q)e are discussed, and some iiiatliematical 
considerations introduced. 

Curtis, W» P. '' Hyloiciis p)mastri L. as a British Species.” Entomologist, 63, 
pp. 1-6. 1930. 

Gives evidence that this moth is an endemic species which sometimes (as in 1929) has 
seasons of unusual abundance. 


8. MIGRATION AND DISPERSAL. 

See also Section 2 (c) (Bristowe); Section 7 (Tucker, Riviere, Salter,. 
Storrow, Smith). 

MacRae, J. E. “The Grey Squirrel in Forfar.” Scottish Nat. p. 164. 1929. 
Seen in August 1929. 
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RitcMe.^ Tlie Spread of the Moimtain Hare in the Scottish Lowlands and 
Border Coniitiy/’ Scottish Nat, pp. 169-175. 1929. 

The mountain kare was originally introduced into the Lowlands from the Highlands, 
during the years 1834-1868. It has gradually spread southwards and eastwards, and now 
■Ives on the Cheviots. 

Bedford, M. '' Increase of the Mountain Hare at Gairnsmore, Kirkcudbright- 
shire.'" Scottish Nat, p. 68. 1930. 

Saxby, T. E., Greenaway, W. H. and McDongall, W. L. ''Immigration of 
Northern Great Spotted Woodpecker to the Shetland Isles." Scottish Nat. 
p. 138. 1929. 

A fairly extensive invasion in the summer of 1929. A further confirmation of these 
observations is made by Bowie, J, G. in Scottish Nat. p. 180. 1929. 

Holder, F. W. and Wagstaffe, W. "The Migrations of the Bar-tailed 
Godwit as observed on the South Lancashire Coast." British Birds ^ 23, 
pp. 318-323. 1930. 

RitcMe, J. " Northward Extension of Capercaillie in Scotland." Scottish Nat 
p. 176. 1929. 

Reid, B. N. "Spread of Capercaillie in Ross-shire."" Scottish Nat.-p, 26. 1930. 

Various Observers. "Invasion of Crossbills from the Continent." Scottish 
Nat pp. 109-110. 1930. 

Witberby , H. F, " Immigration of Crossbills." British Birds, 23, p. 227. 1930. 
Witberby, H. F. "A Plan for Simultaneous International Observation of 
Migration roiiiid the North Sea." British Birds, 23, p. 338. 1930. 

A scheme started by the new migration and ringing journal, Der Vogelzug, the idea being 
to obtain “s3nioptic charts’" of the migration situation, analogous to weather charts, or to 
the wild duck migration maps compiled by the U.S. Bureau of Biological Survey. 

Frobawke, F. W. "Comma in Surrey." Entmnologist, 63, p. 86. 1930. 

Other notes by various writers on the spread of the Comma Butterfly c-album) 

during recent years are contained in the following references : The Entomologist, 5, pp. 10, 
58, 112, 115, 137, 138, 140. 1930. London Nat. for 1929, pp. 39-41. North Western Nat 5, 
pp, 39-40, 111. 1930. 

Notes upon changes in numbers, and migration of various other butterflies and moths 
are also included in the following: The Entomologist, 5, pp. 10, 40-41, 69-61, 112. 1930. 

Aai for 1929, pp. 39-41, 42, 85. 1930. 

Fisber, N. ''Planorbis cormus (Linn.) in County Antrim." Irish Nat. Journ. 
B, pp. 90-91. 1930. 

This is a rare species in Ireland, and was possibly introduced by man. 

Welcb, R. J. "Foreign Physa, Ards, County Down." Irish Nat Journ. 3, 
p. 91. 1930. 

An introduced American species, probably on garden water plants. 

Kevan, D. K- "'New Scottish County Records of Land and Freshwater 
MoUusca." Scottis/rWuL pp. 27-29. 1930. 

Includes notes on the recent extension of range of Paludestrina jenhinsi, which is still 
spreading in Scotland. 



OBITUARY NOTICE 

CHARLES EDWARD MOSS. 

The premature and unexpected death, on November 11th, 1930, of Prof. C. E. 
Moss, at Ms home in Johannesburg, from haemorrhage of the lungs, has come 
as a great shock to his friends. He was on the point of sailing for England on 
leave, to continue at Kew and the British Museum his extensive work on the 
South African flora. 



CHARLES EDWARD MOSS. 1870-1930. 


Charles Edward Moss was born on February 7th, 1870, at Newton, near 
Dukinfield in North Cheshire, the son of a Nonconformist minister and the: 
youngest of a family of six. In the same year his father, Benjamin, went; 
with his family to Monk’s Eleigh in Suffolk, but returned to the north four^ 
years later, settling at Halifax. It was here that Moss spent his boyhood,; 
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getting Ms early education at Queen’s Eoad Board School, and afterwards 
at Akroyd Place School, where he became a pupil-teacher, and at Parkinson 
Lane School. 

As a young man Moss early showed a love for plants, and in 1892 he joined 
the botanical section of the Halifax Scientific Society, In the following year 
he developed a pulmonary abscess, necessitating an operation, and during Ms 
long convalescence was advised to be in the open air as much as possible. 
During this time he used to wander a good deal by himself with a vasculum 
and to join the rambles of the Yorkshire Naturalists’ Union, becoming close 
friends with several local naturalists. By these means he made himself a 
competent field botanist, and it was this period of his life that evidently 
determined his later career. 

After he had regained his health in 1895 he went, as a Queen’s Scholar, 
to the Yorkshire College, Leeds, at that time one of the constituent colleges 
of the old Victoria University, Here he took his Teacher’s Certificate, and 
in 1898, the degree of B.Sc. The late Prof. L. 0. Miall, well known for his 
devotion to the heuristic” method of teaching, was then Professor of Biology 
at Leeds, and his methods and general outlook were such as to appeal strongly 
to Moss’s independent mind. Dr J, Welton, too, who was Lecturer in Educa- 
tion and Master of Method (later Professor of Education) and an inspiring 
teacher, became Moss’s friend and greatly influenced the development of his 
naturally strong logical faculty. Moss contributed a chapter on ‘Hhe Teaching 
of Nature Study” to Welton’s Princy^les of Education. 

In 1896 the late Dr W. G. Smith came to Leeds from Edinburgh, to be 
Miall’s assistant in botany. Smith was full of the new work on plant associa- 
tions recently begun by Ms brother Eohert in Scotland (Robert Smith’s Plant 
Associations of the Tay Basin was published in 1898), and deterrq-M^d to apply 
the method to the Yorkshire country. In Moss he found a willing pupil, and 
with his good knowledge of field botany, the foundations of which had been 
laid in earlier years at Halifax, an able collaborator. The first result was the 
publication in 1903, in the Geographical Journal, ot a memoir on ^^The Geo- 
graphical Distribution of Vegetation in Yorkshire (Leeds and! Halifax Dis- 
trict),” illustrated by a coloured vegetation map, by Smith and Moss, the first 
English ''primary survey” memoir to appear. The eventual result was the 
important part played by Moss in the early development of the modern study 
of plant ecology in England. The work with Smith was by no means Moss’s 
first publication. In 1896 he had published " Why do Flowers bloom in Spring 
and in Autumn?” in the Halifax Naturalist, recently started by his great 
friend Mr W, B. Crump. This was followed by papers "On the Structure of 
Crocus Leaves” (1899), "The Life History of the Autumn Crocus (C. nudi- 
fiorus Sm.)” (1900), and "The Moors of South-west Yorkshire” (1902), and 
by two papers in The Naturalist (the organ of the Yorkshire Naturalists’ 
Union) on "Changes in the Halifax flora” (1900 and 1901). 
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The following extract from an appreciation (whioli appeared in the York- 
shire Post) by Mr W. B. Crump, gives a life-like picture nf Moss as lie appeared 
in the field at this time, and later' also, at Cambridge. Moss’s ‘"keenness of 
vision and perception .was accompanied by a nonclialaiice in manner that was 
quite deceptive. With his walking-stick in his hand, a big vasculum on Ms 
back and a roll of Ordnance maps under his arm, he sauntered along with an 
air of seeming indifference, at any rate until he reached a spot which he felt 
intuitively would repay a careful search. There he scanned every inch, of a 
rock face, or a hedge bottom, or a scree slope, and he could detect even the 
small things at a distance. But though the vasculum was big, as often as 
not it was brought home empty. Moss was not a collector.” But later, at 
Cambridge, when he had turned to the study of critical genera and species, 
“his vasculum” (which became larger and larger as time went on !) “ was soon 
full if he went on a collecting expedition for such, especially if they were elms, 
oaks, birches or poplars. ...” 

After graduating Moss taught for a while at Fairweather G-reen School, 
Bradford, and in January 1901 obtained a position as master at Sexey’s School, 
Bruton, Somerset. Here he taught mainly botany, assisting in other subjects 
with the junior forms. His headmaster testifies that his work was excellent, 
and that the reputation of the school in botany was largely due to Moss’s 
efficient teaching. This was his first introduction to the south English, land- 
scape and southern English vegetation, and he used his opportunities to the 
full. His paper on the ""G-eographical Distribution of the Vegetation of 
Somerset (Bath and Bridgwater District)” was published by the Eoyal 
Geographical Society in 1907, and the treatment, together with the accom- 
panying vegetation map, marked a great advance on the earlier primary 
surveys. In December 1902 he left Somerset and, at some financial sacrifice, 
for he was anxious to abandon schoolmastering and to devote himself entirely 
to botany, went to the Municipal Training College at Manchester as Lecturer 
in Biology. He improved his knowledge of general botany by attending many 
of the Honours lectures at the Botanical Department of the University and 
took the M.Sc. degree, largely on the strength of his Somerset work. At this 
time also he began a vegetation survey of north Derbyshire, which afterwards 
won him the degree of D.Sc. This was not published till 1913, by the Cambridge 
University Press, in a handsome volume under the title of Vegetation of the 
Peak District, accompanied by two coloured vegetation maps, and with the 
aid of subsidies from the Eoyal Society and the Eoyal Geographical Society. 

While Moss was at Manchester, the Central Committee for the Survey and 
Study of British Vegetation (afterwards known as the British Vegetation 
Committee, and the precursor of the British Ecological Society) was founded 
in December 1904, by the small band of botanists actively interested in the 
new method of work. From this date until Moss’s departure for South Africa 
in 1917 the present writer’s . intimacy with Mm was close and continuous. 
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From the first, on account of Ms excellent and increasingly critical knowledge 
of field botany and of his continuous hard work and devotion to the subject, 
Moss was one of the most active and valuable members of the Committee, 
all of whom were exceptionally keen and enthusiastic. It was Moss who ‘in 
his Somerset paper worked out precise concepts of the plant association and 
the plant formation, conceptions which were more fully elaborated in his 
‘'^Fundamental Units of Vegetation'’ {New Phytologist, 1910) and made the 
basis of the treatment adopted in Types of British Vegetation (1911), a book 
to which Moss contributed largely and which could not have been written 
without his constant and loyal assistance. 

During his later years at Manchester Moss became increasingly anxious 
for an academic and purely botanical appointment, and in 1907 he was invited 
by Prof. Seward to come to Cambridge as Curator of the University Herbarium. 
This offer he accepted and on arriving in Cambridge in January 1908 he joined 
Emmanuel College as a Research Student, taking his B.A. degree by research 
in due course. During his tenure of the curatorship at Cambridge he lectured 
on systematic botany, demonstrated to the elementary students, and was 
above all active in the field, where he was always an inspiring influence. # 
During the earlier part of this period he remained an active member of the 
British Vegetation Committee, and took the main share in drawing up an 
elaborate scheme for the uniform colouring of vegetation maps, which, how- 
ever, came to nothing, largely owing to the financial difidculty of publishing 
a continuous series of such maps. Moss always strongly held that vegetation 
survey of this country should be recognised by Government equally with 
geological survey. A scheme of subsidy of the maps was actually prepared in 
collaboration with the Ordnance Survey Office and supported by the Board 
of Agriculture, but the Treasury intervened at the last moment and dis- 
allowed the necessary grant. In 1910 he contributed the article on Plant 
Ecology to the eleventh edition of the Encyclopaedia Britannica. 

From about this time Moss turned his attention more and more to fioristic 
work. In 1910 he had contributed an illuminating article on '^British Oaks” 
to the Journal of Botany, and this was later followed by one on British Elms ” 
in the Gardeners Chronicle, by a systematic revision of ^^Some species of 
Salicornia'^ in the Journal of Botany (1911), and by other smaller taxonomic 
contributions. All of these works showed critical insight combined with broad 
and sane views of the values of taxonomic units. About this time he conceived 
the idea of a monumental British Flora, illustrated by reproductions of a . 
beautiful series of pencil drawings of British plants which had been executed 
by Mr E. W. Hunnybun of Huntingdon. His scheme was accepted by the 
University Press, which agreed to publish the work as The Cambridge British 
Flora in a series of folio volumes arranged according to the Englerian system. 
Moss was to edit the work and to write a large part himself. Certain genera 
he delegated to various specialists. The first volume (vol. ii of the series) 
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appeared in 1913, and contained tlie Amentiferae and allied families, to wMcli 
Moss had given special attention. This volume contains hj far the best existing 
account of these plants. The outbreak of war, however, seriously compromised 
the financial chances of -this ambitious undertaking, and in the event only 
one other volume (voL iii) was published after Moss’s departure for South 
Africa, and was edited by Mr A. J. Wilmott of the British Museum, who had 
been one of Moss’s pupils at Cambridge. The failure to complete The Cambfidge 
British Flora is a very serious loss to our knowledge of British plants. 

During the war domestic troubles seriously overshadowed Moss’s life and 
in 1917 he accepted the appointment of Professor of Botany in Johannesburg 
at the University of the Witwatersrand. Here he set to work with great success 
both to build up his department and to acquire a knowledge of the flora of 
South Africa. His department he made a living centre of research — mainly 
floristic. His publications during the thirteen years he was in South Africa 
were limited in number, because with his accustomed thoroughness he would 
not publish until he had made every possible investigation and convinced 
himself of the truth of his conclusions by patient observation and comparison. 
He found grave inaccuracies and many wrong identifications in both published 
and herbarium material, and he constantly travelled widely throughout the 
Union, and far outside its limits, in order to see for himself in their native 
habitats the plants he was studjdng. He came to England several times in 
order to work at Kew and the British Museum, and he was on the point 
of starting on another of these visits, which was to have put the final 
touches to much of the work he had in hand, when he was overtaken by 
death. 

Moss’s death, indeed, has come at a most unfortunate time for his scientific 
reputation as an original investigator in the field of systematic botany. In 
a very few years more he would almost certainly have published a large body 
of work which would have securely established his reputation in this field of tbe 
science. He was at one time a candidate for Fellowship of the Eoyal Society, 
but his name was allowed to lapse because it was generally felt that the amount 
of his published work was as yet insuflficient to justify botanists in pressing 
for his selection at that time. Of the quality of his work no one who knew it 
intimately had any doubt. 

Moss combined a naturally acute and logical mind with keen love for his 
subject and great powers of work. He really made two reputations: the first 
as a pioneer in the development of ecology in this country, and one who con- 
tributed valuable guiding ideas as well as a great bulk of accurate field work: 
the second as a thorough and critical taxonomic worker who was never content 
with herbarium knowledge alone but always insisted on first-hand acquaintance 
in the field with the plants he was studying. Owing to the unavoidable dis- 
appointment over The Cambridge British Flora and to his untimely death the 
great results that should have accrued have not been realised during his life-- 
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,4ime, tliougli'it is lioped ttatimicli of his South African work is in a sufficiently 
advanced state of preparation to be completed by other hands. 

It was not everyone that found Moss easy to get on with. He was in- 
capable of putting himself in the position of anyone whose views differed 
widely from his own, and too apt to dismiss them with sweeping contempt. 
A little stiff and reserved in bearing he was withal very sensitive, and lie had 
a certain reluctance to make allowances for the weaknesses of his fellows. 
He did not suffer fools gladly and he was given to expressing his disapprobation 
in language which was not intended to be offensive, but by its combination 
of precision and rather ponderous emphasis did in fact inflict wounds. He once 
said, rather ruefully, that he was sometimes accused of being waspish and 
sometimes of being elephantine; he hoped he wasn’t either and at least he 
couldn’t well be both ! Nevertheless there were grains of truth in both accusa- 
tions, and he never really learned how much he was apt to wound and irritate 
people. But he was not in the least malicious and he was a loyal and affec- 
tionate friend. 

Moss was twice married and leaves a daughter by his first, and a son by 
his second wife, who was a member of his staff at Johannesburg and an 
invaluable coadjutor in all his later work. 


A. G. T. 
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Ridley, H. N. The Dispersal of Plants throughout the World. Pp. xx -f™ 744, 
with 22 plates. Price £3. 35. Oc?. Lovell Eeeve & Co., 1930, 

111 any attempt to correlate vegetation with environmental conditions we are always 
confronted with the question as to how far the plant community and its habitat are in 
equilibrium at a given time. An important factor in the attainment of this eqiiilibrinra is 
the efficiency of dispersal, upon which in large measure depends whether or no those species 
most suited to a particular habitat arrive there at the appropriate phase of siiccessional 
development. To every ecologist, therefore, the facility of dispersal of species must be of 
extreme interest. 

The literature of the subject is very extensive, and is by no means compassed by the 
bibliography of about 500 references to the more important papers cited at the end of 
Mr Ridley’s book. In addition to these there are, however, a number of references in the 
body of the text to papers of a more special character. Botanists in general and ecologists 
in particular are placed under a debt to the author, who has brought together in these 
pages a mass of published data together with numerous personal observations. 

The subject-matter is classified according to the agencies of dispersal. The first chapter 
treats of dispersal by wind, and here the non-specialised and specialised reproductive organs 
dispersed in this way are considered in order according to the character of the structures 
involved. Under each heading a number of examples are described. This section occupies 
162 pages and includes some data obtained by the author as to the distance of flight of 
winged fruits and seeds. The fruits of Garpinus hetukis are given as being carried lOO yards 
from a tree 25 ft, high, those of Fraxinus excelsior 134 yards from a 20 ft. tree, whilst the 
seeds of Pinus alba were blown from trees 100-200 ft. high a distance of 880 yards. Mr Eidley 
stresses an important fact in emphasising the value for wind dispersal of even, slight projec- 
tions upon the reproductive body, which, by raising the fruit or seed away from the ground 
on which it has come to rest, permit of its being more readily caught up again by gusts of 
wind. 

The second section of 171 pages treats of dispersal by water. Here the importance of 
rain- wash is stressed, particularly as an accessory to other means of dispersal. The data 
obtained by Praeger, Guppy and others respecting the time of flotation of various fruits 
and seeds are quoted and a number of examples described, including the coco-nut. The 
author takes the view that though human agency is largely responsible for the dispersal 
of this species, nevertheless its distribution is to some extent the result of sea-borne fruits. 

Dispersal by animals and man occupies 326 pages and is treated under the headings 
of dispersal by birds, reptiles, batrachians, fish, insects, etc., dispersal by adhesion, and 
dispersal by man. Other shorter sections deal with mechanical dispersal, with island floras, 
and with the dispersal of orders and genera. 

It is unfortunate that the index, though consisting of some 32 pages of small type, is 
not as complete a guide to the contents of this book as one could wish in a work that witt 
doubtless become a standard work of reference on this subject. 

The author’s poinP of view, as indicated by the phraseology, is somewhat teleological. 
Thus of the Crueiferae the author writes; ‘Tt seems probable that the object of the flattening 
of the fruit, . .allows a freer play to the enlarged replum to throw the seeds further away 
when the wind strikes it.” The bias towards seeing an objective in the structural modifica- 
tions which a fruit or seed exhibits is perhaps responsible for the fact that the author’s 
opinions sometimes seem more definite than the stated evidence would appear to warrant. 
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TMs of Idmria vulgaris the author states that “certainly its extreme ahiindance in Europe 
is mainly due to its winged seeds.” Since, however, the percentage germination of this 
species is normally extremely low, whilst its power of vegetative spread by adventitious 
shoots from the roots is exceptionally high, the word “ certainly” would appear to require more 
justification* So too one can hardly agree that the evidence quoted makes it “tolerably 
clear” that plumed seeds and fruits can fly quite 1000 miles at a single flight. 

But if we cannot always concur with the author’s opinions, we have here the data on 
which those opinions rest, and must feel both admiration and gratitude for the provision 
of such a mine of information which will be an indispensable book of reference to the 
ecologist. 

E. J. Salisbury. 


Shelf ord, Victor E. Laboratory and Field Ecology: The Responses of Animals 
as Indicators of Correct Working Methods. Pp. xii + 608, with 219 text- 
figures, 9| X in. London, Bailliere, Tindall and Cox, 7 & 8 Henrietta 
Street, Covent Garden, London, W.C. 2, 1929. Price £2. 5§. 

In 1913 Prof. Sheliord published his book on Animal Communities in Tem^perate America. 
This book, which so clearly and attractively set forth the problems of animal ecology, must 
have drawn many who had previously only been naturalists into the more scientific study 
of animal communities and of the habitats in which they live. It certainly had this effect 
on the present reviewer. We might perhaps wonder why no naturalist, during the hundreds 
of years in which biology has been studied, had attempted to give more precision to his 
vague descriptions of environmental conditions. The present book is to some extent an answer 
to this question, since it shows very clearly that the progress of animal ecology has greatly 
depended upon the parallel development of physics and chemistry, and of technical inven- 
tions, without which it is impossible to make quantitative analyses of animal environments. 
Prof. Shelford’s latest book, published seventeen years after the other one, seeks to supply 
the animal ecologist with a manual of technical methods for determining the reasons w^hy 
each species of animal has a particular range and habitat. It deals more particularly with 
the inanimate environment, very little being said about the relation of species to each 
other and to plant life. The author adds, however, on p. 7, a warning that attention to 
pure “autecology” tends towards artificial treatment, since every animal in nature is part 
of an elaborate community of other species. 

At first sight the reader will be somewhat daunted by the appearance of this book, which 
devotes such a large proportion of its space to technical descriptions of apparatus for experi- 
mentation. Thus, an appendix states that the student of ecology will be able to exercise 
a fair control over conditions if he is equipped with one hydroturbine air compressor, one 
I horse-power electric motor, four incubators, three thermostats, three electric fans, three 
thermographs, and three hygrographs, and several other things, costing in all about £250, 
apart from housing and overhead running costs. It should be realised, however, that the 
apparently overwhelming importance given to apparatus, and the comparatively small 
space given to animals themselves, is all part of a plan to reproduce exactly in the laboratory 
the climatic or aquatic conditions existing in the field. The author points out the fallacy of 
keeping animals under constant conditions, and the great importance of simulating the real 
variations of climate under controlled conditions. With this aim in view, he describes in 
detail the methods of controlling temperature, humidity, light, etc., and of applying these 
methods in order to determine the reactions of animals to environmental gradients, the range 
of activity, the rates of reproduction, and other processes. He believes that by these methods 
of experimentation it will be possible to xmderstand enough about the limiting factors in 
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animal habitats to predict with accuracy, and also tiltima,tely to explain in terms of physio- 
logical processes the behaviour and distribution of the animals themselves. 

The book is throughout inspired with a belief in the possibility of treating animals as 
very complicated machines, and the possibility of animals being more than this, in other 
words, the possible elasticity of animal behaviour is not contemplated. It seems likely that 
this bias may be due to the author’s particular interest in insect ecology, exemplified in liis 
classical paper on the habitat reactions of tiger beetles {Cicmdela) and his later experimental 
studies of the codling moth. 

The style of the book is rather difficult, and follows the tradition of many American 
scientific books in placing undue emphasis upon the importance of technical terms and 
logical classification. Similarly, the English reader will find continuous reading hampered 
by the absence of connecting links between sentences, so that these resemble rather the 
bullets shot out from a machine gun, all effective if they reach their marli, all separate, but 
all from the same gun. In consequence the hook remains rather a manual for reference than 
a text-book for general reading in ecology. But it is a manual whicli will remain of the 
greatest value and importance for many years: Prof. Shelford has a vision of animal 
ecology as an exact quantitative science, and if the results of this type of ecological work 
are still in an early stage, and remain uncoordinated, no one can doubt their importance 
in the future. With the results of his long and arduous investigations now before them, 
animal ecologists are in a position to apply sound methods to the problems which he was 
the first to bring vividly before them. 

Chaeles Elto^t, 


VEGETATION OE THE BALKAN PENINSULA. 

The Plant Geography of Eastern Thrace. 

One of the most interesting areas of the Balkan Peninsula is the Straiidja Dagli in 
eastern Thrace. These hills are partly in Bulgaria, partly in Turkejr. The Bulgarian parts 
have been visited by Stefanoff wdio has published an important phytogeographical ]3aper’ on 
his researches. Mattfeld*^ ha,s more recently spent several weeks investigating the central 
portion of the hills but, unfortunately, for political reasons, was not allowed to make a com- 
plete survey of the massif. (His coloured map is misleading in this respect.) 

Geologically the Strandja is an old mountain mass composed of Palaeozoic, and probably 
Precambrian, schists and gneisses, wdth granites and syenites. In the north and south 
Cretaceous-Eocene limestone unconformabty covers the older rocks. This is a similar forma- 
tion to that recorded for the Paplilagonian mountains by Nowack. Although exact meteoro- 
logical data are not yet available, it seems probable that the climate of the Strandj a area 
is different from that of the greater part of Thrace and is certainly^ not ty^pically Mediter- 
ranean. 

Mattf eld’s observations on the plant communities add considerably to our knowledge 
of the plant life of eastern Thrace but, unfortunately, he has not attempted a clear classifica- 
tion. He describes the coastal dunes, brushwoods (especially oak-scrub and a kind of pseiido- 
macchia^), steppe-like heaths, black pine wmods, oak woods, stream-side "woods (of Qnercus 

^ Stefanoff, B. “Gorskit formacii v severna Strandza.” (The forest formations in the 
northern parts of the Strandja mountains.) God. na Sofijshii Universit. 20, ii, 1924. 

2 Mattf eld, J. “Die pflanzengeographisehe Steilung Ost-Thraldeiis.” VerM. Bot. Ver. 
Brandmh. 71, 1, 1929. 

® Mattf eld retains the term “pseudomacchia” but extends its use to inelude brushwood 
intermediate between maechia and typical pseudomacchia. (See Tnrrill, The Plant -Life of the 
Balkan Peninsula^ pp. 149, 155, Oxford, 1929.) 
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conferta^ Q. sessUis^ and other species of oaks, Fmxinus oxi/carpa^ F. iial/iwe, Ulmus 
canipestris, Alms gkitimsa, and Popiilm tremula) rich in liane growths of Sniihx ezcelsa^ 
Periploca grmcai Vitis silveMris^ and Clematis vitalha, and Colchic woods of the higher hills 
with Fagiis orientaUs and Carpimis betulus, frequently with EJiododmdron pontimm as 
undergrowth. The author devotes some pages to a discussion of the general distribution 
of some of the phytogeographically more important species, such as OaUmm viilgariB, which 
occurs in masses in this very isolated outlier of its distributional area, Bhododendron pontirAim^ 
Prmms laurocemsus, and Fagus ormitaUs, 

Corresponding with the climate the vegetation of eastern Timace cannot be described 
as on the whole Mediterranean. The extreme winter temperatures experienced in eastern 
Thrace are probably the most important limiting factors to Mediterranean plants and 
especially to the evergreen brushwoods, which are only found sparsely and discontiniiously 
on the coast. The oriental heechwoods of the higher parts of the Strandja and of the ravines 
are similar to the wnods of Colchis and of the areas bordering on the Black Sea in northern 
Asia Minor. Contrasting with the heechwoods, the oakw'oods, usually on the lower slopes, 
are closely related to the oakwoods w^hich have so wide a distribution throughout the Balkan 
Peninsula, and which are in part an extension of the Central European oakwoods. The 
steppe vegetation of the Ergene basin is closely related to that of central Anatolia. There 
are thus four phytogeographical elements represented in eastern Thrace: the Mediterranean 
(which is dominant in the Gallipoli Peninsula, outside the area visited by Mattfeld), the 
Anatolian steppe, the Central European, and the Colchic woodland. The great floristic 
importance of Asia Minor is everywhere apparent. 

W. B. Tfbeill. 


Thessalian Olympus, 

Hayek, A. “Ein Beitrag zur Kenntnis der Vegetation iind der Flora des 
tEessalisclien Olymp. Mit Beitragen von Dr H. Handel-Mazzetti.’’ 
Beih. Bot Centdbl 45, 220-328, Dec. 1928. 

The Thessalian Olympus, famous in Greek mythology and one of the most beautiful 
of mountains, has a special botanical interest in having the second highest^ peak (2918 m.) 
and being the highest mountain mass of limestone in the Balkan Peninsula, The present 
account of the flora and vegetation is based on visits paid by the late Dr Hayek (spring 
of 1926) and Dr Handel-Mazzetti (July 1927). A systematic list includes records of all 
the species known from Olympus, whether collected by these authors or by Heldreich, 
Orphanides, and the few other previous collectors. The descriptions of plant communities 
are by Hayek with comments by Handel-Mazzetti. 

The following scheme is followed in classifying and describing the types of vegetation; 

I. Forests. 

(a) Deciduous. 

Stream-side woods dominated by Platanus, 

Summer-green oakwoods. 

Beechwoods. 

(&) Coniferous. 

Black pine woods. 

Firwoods. 

Pinus heldreicMP woods. 

^ It is exceeded only by Mt Mus Alla in the Bila Planina of the Eodopes, 2924 m. 

^ Finns heldreicMi Chn^tf Ben.m'EL&yek ^P. leucodermis Ant. 



Reviews 


219 


II. Siirub communities. 

A. Evergreen. 

1. MaccMa. 

True maccliia. 

Quercetum cocciferae. 

Buxetum semper virentis. 

2. Summer-green stream-side brushwood. 

III. Grass communities. 

Marshy meadows. 

Steppe-like meadows. 

Pre-alpine meadows. 

Alpine mats. 

(a) Seslerietum nitidae. 

(h) Seslerietum eoemlantis. 

(c) Alopecuretum gerardi. 

IV. Herb^ communities. 

1. High herb communities. 

2, Rock flora. 

{a) Association of Imila Candida, 

(b) Association of Ballota acetabulosa, 

(c) Association of Aubrietia deltoklm. 

(d) Subalpine rock plants. 

(e) Alpine scree flora. 

V. Lichen associations. 

The flora is shown to be essentially Mediterranean, and even that of the higher altitudes 
is related to the flora of the Greek mountains and thus to the lowland flora of the southern, 
parts of the Balkan Peninsula (apart from relict endemics), and is, therefore, quite distinct 
from that of the Central European mountains. The reviewer has protested against the 
ambiguous use of the word “alpine” in phytogeograph ical literature, and the confusion 
which can arise in the mind of a reader is well illustrated in this paper where it is shown 
that the alpine (i.e. the high mountain) flora (of Olympus) has no genetic connections with 
the Alpine flora (i.e. the flora of the Alps of Central Europe). The highly endemic nature 
of the high mountain flora of the southern parts of the Balkan Peninsula is clearl}?* related 
to its origin in situ, -while the flora of the Alps is of mixed origin. The beech and a number 
of “Bucheiibegleiter,” and also Quercus sessilis, represent a spread of Central European 
types into an essentially Mediterranean flora. 

W. B. Tubrill. 

Croatia, 

Horvat, Ivo. ^^Vegetacijske Studije o Hrvatskini Planinama’’ (Yegetational 
studies in the Croatian mountains). Croat with German summarv. Bull, 
intermt, de VAcad, Yougoslave des sci, et des arts, 01, sc. math, et nat. 
24 (separate, pp. 1-88), 1930. 

The Croatian mountains belong to the Dinarides and form a natural bridge between the 
Slovenian Alps and the mountains of the western parts of the Balkan Peninsula. Geologically 

^ The word “forbs,” meaning herbs other than grasses, might be used with adrantage to 
translate the Qetmm Stauden, 
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they are formed of Mesozoic limestones and dolomites with only slight onterops of older 
rocks. Xarst phenomena are much in evidence. The highest peak is in the \ elebit (\ agaiiski 

vrli 1798 in.). 

In tile Soiitli Croatian mountains a mixed forest of beecin fir, and spruce (8o0~.I350 in.) is 
followed b3^ beech scrub generally siirroiinded by a girdle of Pinus mughus ’wliich forms tiie 
limit of woody vege'station. Tlit^ present account deals mainly Avith the coiniiiiiiiities abo\e 
this last. These are classified as fo,llows: 

Order: Seslerietalia, teniiifoliae. 

Group : iSeslerion tenuif oliae. 

Ca/rex firma Association. 

Chrex laeds-HeUantJiem iim 

Carex^aeMS-HeUan^^ halcmuciim, Association. 

Seskria temiifolia — Carex Jimmlis Association. 

Group: Festiicion pungentis. 

Feshica 2 nmgens Association. 

Order: Caiicetalia curA^ulae. 

Group : Nardion strictae. 

M ardtis sfxicta AsBocia,tiom 
Leontodon Jmstilis cominiinity. 

The communities are described in detail, the ecological characteristics and floristic 
composition being also tabulated under the headings: altitude, exposure, slope, pH, size 
of association-individuals, size of quadrats, characteristic species, acconipaiiyiiig species, 
and occasional species. The comparative studies led to the interesting cbneeption of socio- 
logical vicarisin. Sociological viearists are such taxonomic units as have analogous socio- 
logical function in diagnostic, syngenetie, and sAuieeologieal respects in difierent com- 
munities of the same rank, irrespective of their systematic relationship. 

The variety of existing communities in the higlier altitudinal zones of the (.h'oatlaii 
mountains cannot be entirely explained by local existing climatic differeiiees. J^hxposure to 
or protection from the bora (bura) and scirocco (jngo) is an important factor, as is also the 
iiifliience of man. Suppression of v-oody groAvtli always leads to a succession (regression) 
whose vegetational stages shoAv greater and greater tolerance of acidity and reach a cliina,x 
in the Nardetum. W. B. T'cterill. 

MortoHy F. ^'Beitrage zu einer pflanzengeograpHsclien MonograpHe der 
Quariieroinsel Cherso.’’ Bota7iisches ArcMv, r28-"1775 1929. 

The Qiiarnero district and the islands in the bay of the northern Adriatic separating 
the peninsula of Istria from South Croatia, are of exceptional phytogeographical interest 
because of the transitions they show between the Mediterranean and Transalpine (essentially 
Central European) floras and plant communities. The nature of these transitions is clearty 
indicated in this careful study of a limited part of the island of Cherso. The southern part 
of Cherso is Mediterranean, the northern Transalpine, and the central transitional. The 
great destructive and modifjdiig influence of man is emphasised and most of the com- 
munities described are secondary. The methods used in studying the vegetation are adopted 
from the works of Braun-Blanqixet and a large number of small ‘‘associations” are classified 
into the six “formations” of the garrigue, the mixed wood, the submediterraiiean brush- 
wood, the submediterranean stony pasture, the karst wood, and the Mediterranean dry 
grassland. Lists of species, classified into layers of vegetation, with their degree of cover or 
quantity, and their sociability, are used to define the associations. i 


W. B. Tubrill. 



BRITISH ECOLOGICAL SOCIETY 

SOIEl^E AT EAST LONDON COLLEGE. 

On Friday evening, January 9th, the night before the Annual General Meeting, the members 
of the Society were entertained at a Soiree in the Botanical Department of .East London 
College. 

The reception by Prof, and Mrs Fritsch took place from 8 to 8.30 p.m., after which the 
numerous exhibits w^ere inspected. These included the following: an exhibit of Stream 
Algae by Prof. Fritsch and Mr .Butcher; Plankton from the Transvaal exhibited by Miss 
Rich; Phytoplankton from the Thames exhibited by Mr Rice; an exhibit of Algal Periodicity 
by ]\frs Howland; and of the Algae of Salt Marshes by Dr Nellie Carter. Messrs Owen and 
Paul Richards exhibited photographs illustrating the work of the Oxford Expedition to 
British Guiana; and Mi* E. Milne- Redhead showed aerial photographs of Northern Rhodesian 
vegetation. Dr Pearsall exhibited maps showing the vegetational changes in Estliwaite 
Water since 1914. Dr T. A. Sprague exhibited an interesting series of habitat forms of 
Limim catkarticum showing remarkable diversity of habit and appearance; and Mr F. 
Ballard a series of herbarium specimens of plants collected in Sark. Apparatus for ensuring 
effective circulation and aeration in marine aquaria was exhibited by Dr A. J. Grove. 

During the evening members were provided with light refreshments by the generosity 
of the Governors of the College. 


ANNUAL MEETING, JANUARY 1931. 

The seventeenth Annual Meeting was held in the Botanical Department of East London 
College on January 10th, 1931, 'when the President, Prof. F. E. Fritsch, occupied the chair. 
The minutes of the previous meeting w^ere read and confirmed. The Honorary Secretary 
then read his Report on the work of the Society during the year. 

Hon. Seceetary’s Report for the Year 1930. 

The sixteenth Animal Meeting was held on January 4th in the Botanical Department of 
the University of Leeds by idnd permission of Prof. Priestley. On the previous evening 
Prof, and Mrs Priestley entertained the members at a Soiree at ivhich a number of exhibits 
w^ere shown, and on the Sunday following Dr Pearsall led an excursion to some oakwnods 
in the neighbourhood. The thanks of the Society are due to Prof. Priestley, ]\Ii's Priestley, 
Dr Pearsall and others who contributed to a most successful and enjoyable meeting. 

At Easter a joint meeting with the Bryological Society was held at Wareliam, and it is 
to be regretted that more members of this Society did not avail themselves of the opportunity 
of seeing bryological communities under the guidance of specialists. 

Owing to the numerous fixtures during the summer, including two International Con- 
gresses, a summer meeting was not held. 

The annual joint meeting with the British Mycological Society was held in October at 
x41dbury w^hen we were again indebted to Mr Ramsbottom for leading the excursion. 

Two numbers of the Journal have been issued, in February and August respectively, 
together consisting of 392 pages, supplements of 34 pages and 15 plates. 
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The Society’s transplantation experiments are being continued at Pottenie under the 
direction of the Committee consisting of Sir A. W. Hill, Mr E. M. Marsden-Jones, Mr 0. &. i . 
Morison, Prof. P. W. Oliver, Prof. E. J. Salisbury, Mr V. S. Summerhayes, Prof. A. G. Tansley 

and Dr W. B. Turrill. The jBrst report on these experiments was published in the last niiiiiber 
of the JOUBNAL. 

We deeply regret to record the death of Prof. G. E. Moss, who w^as one of the members 
of the original British Vegetation Committee and whose valuable work on the vegetation 
of Yorkshire, Somerset and the Peak district did so much for the advaneeinent of the 
primary survey of British vegetation. An Obituary Notice appears in the present issue. 

Thirteen members have resigned, or been removed from the list of members owing to 
non-payment of subscriptions, and the same number of new members have been elected, 
giving an unchanged total membership of 254. E. J. Salisbuey. 

The President announced that the Council had decided to begin the formation of the 
nucleus of a library, a collection of pamphlets, maps and photographs, and had accepted the 
generous ofier of the Keeper of Botany at the British Museum (]\Ir Ranisbottom) to house 
the collection in his Department for the present (see p. 232 of the present issue). 

Prof. Tansley said that the Society had reached a critical stage in its development, in 
regard especially to finance, and by that he did not mean “dangerous” — on the contrary 
its prosperity was greater than it had ever been-— but a stage requhing careful jiiclgment as 
to future policy. There was now a surplus of well over £1000 if the current market value of 
investments w'ere considered. About £900 of this had been accumulated in the last six 
years. The surplus could be regarded as derived entirely from the sale of back numbers of 
the JouBNAL, which had realised £1302 during the six years, or an average of about £217 
per annum. Of this we had on the average saved £150 and spent £67 in each year. He had 
always regarded the accumulated surplus as a reserve, of the nature of a sinking fund, to 
provide for the replacement of those back numbers which would shortly be exhausted. 
It was of essential importance to replenish these so as to keep complete sets available for 
sale, because the larger portion of the receipts from sales of back numbers and the most 
stable income from this source was represented by sales of complete sets. These ■were bought 
especially by libraries and institutions which became subscribers, and the sales depended 
on the maintenance and increase of the Jouenal’s prestige and usefulness. This reserve 
fund was none too large for its purpose 2 or 3 years ago, but thanks to recent improve- 
ments and cheapening of the “photostatic” process of reproduction and to the continued 
steady sale of complete sets, we should now be in a position, if the present rate of sal© 
continued, to find the few hundred pounds that would be required for replenishment during 
the next five or six years quite easily, and possibly have free income for fresh activities in 
addition. The Council had decided to enlarge the Joitkyal to a small extent, and to take 
the first steps towards the foundation of a library of books, pamphlets, maps and photo- 
graphs for the use of members. It would not, however, be possible to form a fully equipped 
library -with all desirable facilities for some years yet. And the possibility that the market 
for the sale of sets of the Jouenal might shortly be saturated, or at least slacken off, must 
always be kept in mind. It would therefore be necessary to proceed cautiously in embarking 
on new expenditure, for we were still not quite, though we were now very nearly, covering 
the current cost of the Jodenal from current subscriptions. 

The following officers were then elected: 

Vice-President: Prof. J. R, Matthews. 

Hon. Secretary: Prof. E. J. Salisbtjby. 

Eon. Editor: Prof. A. G. Tansley^ 

Eon. Treasurer: JMr H. Boyd Watt. 

Gouncil Members: Mr C. S. Elton and Mr A. J. Wilmott, 
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Tlie Presideitt then delivered his address entitled: “Some Aspects of the Ecology of 
Fresh" water Algae” (which wiH appear in the second issue of the JotjehaIi for 193 1)» 

' On the proposition of Prof. Tansley, seconded by Or Woodhead;, a imaiiiinoiis vote of 
thanlss was accorded the President for his valuable address, the speakers paying a tribute 
to Prof. Fritsch’s services to the study of fresh- water biology in this country. 

Dr Godwik then gave an account of the water relations of fens, taking the example of 
Wicken Fen near Cambridge, the seasonal changes in whose water table had been very 
thoroughly studied. This shows a low level and a saucer-shaped surface from the beginning 
of June to the middle of September, corresponding with the period of maximum transpiratioii 
of the vegetation. The fall in J une and the autumn rise, which results in a high flat table 
dui'ing winter and spring, are independent of the rainfall. The communities of the prisere 
(Phragmitetum, Cladietxim and “carr”) appear to be determined by the height of the water 
level in winter and not by water deficiency in summer. Two communities, however (Gladio- 
Molinietum or “mixed sedge,” and Molinietum or “htter”) have no place in the prisere and 
must be regarded as examples of deflected succession resulting from the incidence of periodic 
cutting on the fen vegetation, -which changes the course, though it does not stop the major 
reaction (rise of peat level) of the succession. In the discussion which followed Prof. Griffiths, 
Mr H. S. Thompson, Prof. Matthews, Prof. Salisbury, and Dr A. S. Watt took part. 

The meeting then adjourned and members were entertained to luncheon by the Governors 
of East London College. 

After the adjournment the Hon. Treasurer, Mr Boyd Watt, presented the Balance Sheet 
and Accounts, which were adopted. These show^ed a balance for the ;v'ear of £303, 5.s‘. On 
the proposition of the President a vote of thanks wns accortled to IMr Paulson for acting 
as Hon. Auditor of the Accounts. On the proposition of Prof. Tansley, sceomied by ^Ir Eams- 
bottom, a vote of thanks was passed to the Hon. Treasurer for his careful custody of the 
Society’s finances. 

. Dr McLitckie then gave an account of “Some Aspects of the Euculyptm Forests of 
Eastern Australia.” The Eucalyptus forests occupy about 90 per cent, of the forested area 
of the continent. The most important of the other natural forests are rain forest, littoral 
swamp forest, and Oasmrina forest. The first-named colonises the sheltered valleys, gorges, 
and basaltic residuals of Eastern Australia, wffiere it competes successfully with the Etiealypiits 
forests of poorer soils. In the north it closety resembles tropical rain forest, but towards 
the south there is a continual decrease in number of species and proportion of epiphytes. 
The Eucalyptus forest is regarded as a cHmatic climax and the rain forest as an edapMc 
climax. The littoral sw^amp forest occui’S on the tropical coasts and estuaries, wffiilst Casuarina 
forest is found on alluvial soils, as a fringing forest on river flood plains, and in limited areas 
of sandy soils. 

Eucalyptus forests occur from sea level to the tree limit at 6300 ft. mid are remarkable 
for their dominance by members of a single large genus of very varied Imbit, ranging from 
the giant E, regnans to the shrub-like F. stricta. Many of the three huiKlred species are very 
variable but all exhibit pendulous foliage and the shade cast is slight. The specific composition 
of the lower strata does not vary with that of the dominants. After burning there is rapid 
regeneration both by seed and suckers, and all strata, especially the shrubs and trees, exhibit 
a striking capacity for rapid growth. The controlling factors are rainfall, temperature, air- 
drainage, exposure, and soil, and these are influenced by the physiographical features of 
the continent. The great dividing range, 2000-7300 feet in altitude, runs parallel with the 
east coast at a distance of 40-100 miles. This range separates the eastern coastal belt of 
high rainfall (30 to 60 inches) with a high percentage reliabihty, from the central basin of 
low and erratic precipitation. The forested areas occupy soils derived from a great variety 
of rocks; the most sclerophyllous type, covering thousands of square miles in Kew South 
Wales, occurs on sandstones and exhibits low humus and water contents. The dominants 
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are such species as A. piperita^ B. ha&rmstorm, B, eugenioides, B. Goryrribosa^ B. siheriana, 
B* migopliora, and E. lanceolata. A sclerophyllous shrub stratum is very typical and in this 
Proteaceae, Leguminosae, Myrtaceae, and Rutaceae are conspicuous features. After forest 
fires numerous seedlings develop of Hahm^ Grmillmf Leptospermum, Boronia, etc., of which 
a few only attain maturity. Repeated fires bring about continuous reduction in the canopy 
of the tree layer with consequent increase of insolation and of photophiloiis shrubs. Eucalyptus 
forest on the basalt differs physiognomically, and possesses few species, e.g. B. hhxlandi, 
B. goniocalyx^ B, oreades, and E. viminalis. The trees are closer together, photophilous shrubs 
are replaced by mesophytes with larger leaves, and there is a continuous ground carpet of 
ferns and mosses. On the shale two types of Eucalyptus forests occur, namely the mixed 
forests in the sheltered valleys, with B, pUlaris, E. lanceolata, E. panimdata, etc. and the 
exposed coast plain type which is lower and more sclerophyllous. On the granite the most 
typical forest is dominated by Eucalyptus coriacm. associated with congeners. 

Prof. Tansley, Prof. Salisbury, Mr Sager, and Dr Godwin took part in the discussion, 
and a vote of thanks was accorded to Dr McLuckie for his interesting and useful epitome 
of Australian forest vegetation. 

Mr B. Miliste-Redheab gave a general account of the vegetation of part of the Solwezi 
and Mwinilunga Districts of Northern Rhodesia. Brachystegla woodlands dominate this 
area except for the southern and western parts of the Mwinilimga district where Bracliy- 
stegia is replaced as the dominant by Cryptosepahim on the Kalahari sand of the Mavunda 
country. A narrow margin of bare soil usually separates the forest from the open valley 
grasslands (“dumbos”), which are a characteristic feature of the country, and evergreen 
fringing forests are frequent along the river banl?s. The pronounced influence of the native 
“shifting” cultivation was emphasised, and also the importance of termites, whose very 
numerous old nests often bear a vegetation totally distinct from that around. The com- 
munication was illustrated by aerial photographs kindly lent by the Aircraft Operating 
Co., Ltd. 

On the proposition of Mr Ramsbottom a hearty vote of thanks was accorded to Prof. 
Fritsch for the hospitality of the Botanical Department, and the Hon. Secretary was asked 
to convey to the Governors of East London College the Society’s appreciation of the hospitality 
they had enjoyed. Prof. Fritsch then vacated the chair, which was occupied by the Vice- 
President, Prof. Mattheivs. 

Messrs 0. W. and P. W. Richaeds then read a joint communication on ecological observa- 
tions made during the Oxford University Expedition to British Guiana in 1929 (led by 
Major R. W. G. Hingston). 

]\fr P. W. Richaeds said previous work on tropical vegetation had been extensive rather 
than intensive and had been strikingly lacking in exact data. The ecological objective on 
the Guiana expedition was to make as definite a description as possible of a limited area of 
rain forest in the neighbourhood of MorabaUi Creek on the Essequibo, 6*^ north of the equator, 
an area which had a fairly typical equatorial climate with two not very clearly marked wet 
and dry seasons in the year. Among the mass of facts collected the demonstration that the 
forest was not floristically homogeneous was, perhaps, of most general interest. Five distinct 
types were recognised and were found to be related each to a particular type of soil. Counts 
of all the trees on sample plots were made for each type of forest; identifications were by 
means of native Indian names, many, though not all, of which were shown to be perfectly 
trustworthy. Comparison of the plots showed that the high forest types, when arranged in 
order from that developed on soil of highest to that on soil of lowest water-content, form 
a remarkably regular series; some characteristics, e.g. number of trees per unit area, 
increase steadily from one end of the series to the other, others increase or diminish from 
each end towards the middle. Thus there is a high degree of dominance of single species 
in the two extreme members of the series and a mixture of species without any clear 
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dommance in the middle. The occurrence of dominance seems to be related to relative 
unfavourability of the habitat. 

In the widespread occurrence of dominance and in other respects the Guiana rain forest 
seems to be exceptional, but it is impossible to say how absolute is the apparent contrast 
till more exact data are available from other rain-forest regions. 

Mr 0. W. Eichabds said that one of the principal objects of the expedition had been to 
discover to what extent there was a real tree-top zone of animals, such as had been described 
in general terms by the early travellers on the Amazons. Amongst birds such zonation had 
already been partly established by Beebe’s observations in British Guiana. The ornithologists 
of the Oxford expedition had extended these results, though the facts were not altogether 
simple owing to intercommunication between different zones. The insects presented a more 
difficult problem, since the species could not merely be observed but had to be captured. 
For this purpose it was necessary for the trees to be climbed, which was accomplished by 
the aid of Indian climbers. When once a rope had been passed over a high fork of a tree, 
it was possible to haul up either a block and tackle or a rope ladder allowing permanent 
access to the fork in question. Even then not every insect seen could be captured. “ Light* 
traps” for catching insects at various levels were also employed and specimens obtained 
could be compared with those attracted to light at the ground level. To some extent also 
insects could be collected from trees immediately after felling. The fauna revealed by these 
methods had to be compared with that existing on the ground level in order to discover 
the extent to which the tree-top fauna was peculiar to its zone. It would not be possible 
to make this comparison in detail for some years owing to difficulties of identification, but 
it already appeared that certain striking forms were restricted to the higher levels. 

The collecting done on the floor of the forest had incidentally led to the study of several 
small communities such as those inhabiting hollow trees or attracted to carrion, while a 
number of observations and photographs of the nesting habits of bees and wasps had also 
been obtained. These secondary results were likely to prove as valuable, eventually, as the 
actual data on zonation, though the latter could not be evaluated till the collections had 
been more fully worked out. 

Prof. Tansley and Prof. Salisbury paid a tribute to the value of the observations made 
by the Messrs Richards and by Mr MIlne-Redhead, and to the vivid and fascinating glimpses 
of new types of vegetation they had given the Society. The authors of these papers were 
to be warmly congratulated on the large mass of data they had obtained in the compara- 
tively short periods at their disposal. The meeting then concluded. 

E. J. S, 
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PROPOSAL TO FORM A COLLECTIOISr OF BOOKS, PAMPHLETS, MAPS 
AND PHOTOGRAPHS. 


Tlie Council of the British Ecological Society has decided to begi.ii the formation of a 
collection of books, pamphlets, maps and photographs for the use of members. The state 
of the Society’s finances now permits of some expansion of its activities, and though caution 
is needed before undertaking serious commitments, the proposed step seems justified by 
the existing financial position and the prospects. 

The Society already possesses a small collection of mounted photographic prints of 
British Vegetation, hut this has remained undeveloped for many years, and rec|iiires 
rearrangement, relabelling and continuous enlargement. There is also a possibility of ac- 
quiring in the near future another valuable collection of piiotographs of British vegeta- 
tion. The Editor of the Journal has a large and continuously increasing collect ion of 
pamphlets, now numbering nearly 4000, on vegetation and ecology, properly aiTanged 
and with a card catalogue of authors, and this he has always intended to give or bequeath 
to the Society if and when proper accommodation became available. The above ivotiid 
form a valuable nucleus for the Society’s collection. 

It has been suggested, also, that it would be of great advan/tag^e if surveyors of vegeta- 
tion would deposit with the Society original manusciipt maps made in the course of their 
work, as these often contain valuable data and indications wliicli remain un|)ublished and 
might well he of great use to future workers. 

Mr Ramsbottom, the Keeper of Botany at the British Museum, has generously offered 
to house at the Natural History Museum, for the time being, tlie beginnings of the pro- 
posed collection, and arrangements will be made to give members of the Society access to 
the photographs, books and pamphlets thus stored. This arrangement is only intendeti to 
be provisional, hut it will greatly assist the Society in making a start with its coliection. 

Members of the Society and others, who have ecological photographs, maps, books, 
pamphlets or suitable journals (complete sets or considerable runs only), of which the best 
use is not being made, are invited to present them to the Society. They should be ad- 
dressed to 

The British Ecological Society, 
c/o Department of Botany, 

British Museum (Natural History), 

South Kensington, 

London, S.W. 7« 

Formal acknowledgement of the receipt of such gifts will be made. 

Eventually it may be possible to form a proper library of pamphlets and books, in- 
cluding journals, and a collection of photographs and maps. But this of course cannot be 
done until permanent housing can be obtained and the Society’s assured income permits 
of proper upkeep and provision for continuous augmentation. 
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SOME ASPECTS OF THE ECOLOGY OF FRESH-WATER 

ALGAE 1 

(WITH SPECIAL REFERENCE TO STATIC WATERS) 

By F. E. FRITSCH. 

{With five Figures in the Text.) 

In tlie following I propose to give a general account of tte present position of 
our knowledge as regards the algal ecology of static fresh-waters. A good deal 
of attention is now being paid to flowing waters in this country in relation 
to pollution and, since it became necessary to narrow down the field of these 
considerations, it appeared most suitable to omit flowing waters and to confine 
my attention to standing water. This may be the more appropriate, since it 
is to be hoped that the present year will see the establishment of a fresh- water 
biological station on Lake Windermere. 

One of the earliest attempts to classify fresh-water algal communities as 
a whole was made by G. S. West in 1916 (161) in the Cambridge Botanical 
Handbooks^. West had enjoyed unrivalled opportunities of becoming ac- 
quainted with the fresh-water algal flora of many parts of the world and this, 
combined with his extensive investigations on British Algae, afforded him a 
general view of algal habitats such as few others possessed. With few exceptions, 
however, he did not succeed in establishing a classification that could serve 
as a foundation for further investigations. As will be familiar, his main 
classification was into subaerial associations, associations of irrorated (or 
dripping) rocks, and aquatic associations, the last being further subdivided 
into those of swiftly running water, those of bogs and swamps, those of ponds 
and ditches, and those of pools and lakes. A perusal of these aquatic associa- 
tions leaves one with very few tangible data for their separation or for the 
distinction of individual communities among them. The data provided are 
essentially floristic, and this is true also of a large number of so-called eco- 
logical accounts of the algal flora of various districts that have been published 
ill the last two decades. 

West and his father, however, made one very noteworthy contribution in 
the direction of a further elucidation of algal habitats. As a result of their 
extensive studies of British phytoplankton they arrived at the conclusion that 
the rich Desmid floras, comprising a large number of types in this country 
exclusively confined to the western region, corresponded geographically with 

^ Presidential Address to the British Ecological Society delivered at the Animal Meeting on 
January 10 th, 1931, 

^ Cl also 133, p. 196; 18; 19. 

Joum. of Ecology XIX m 













‘ - 

' ' 




234, Some As2yects of the Ecology of FresJi-t€(iMr Algcis 

the precarhoniferoiis rocks a.nd occurred in waters characterised by a poverty 
of dissolved mineral salts. A number of these special types of Desiiiids werCj 
moreover, shown to form a dominant feature of the plankton in many of the 
lakes found in these regions (161, p. 442; 162, p. 199). A Desmid plankton, 
first reported by these investigators from the Scottish lakes and subsequeiitly 
found to occur also in the English; Welsh, and Irish lakes, wms altogether a. 
novelty in the study of phytoplanl^ton, although later research disclosed its 
occurrence also in other parts of Europe (1, '2, 27, 46, 126, 134), as •well as 
in America (125), the Victoria Nyanza (121, p. 28), and the Yaii Yean 
Eeservoir in Victoria (160). But the essential forward step lay in the bringing 
into line of this type of plankton with the geological characteristics of the 
basins within which it occurred. 

Eurther insight into the factors causing the appearance of this peculiarly 
distinctive type of plankton was provided by Pearsall (104, 106, 107). His 
detailed investigations in the Lake District (cf. also 109) afforded corrobora- 
tion of the fact already established by the Wests (163, p. 426) that the Desmid 
plankton is characteristic only of some of the lakes, whilst in others Diatoms 
and Myxophyceae play the principal role. It will be familiar that Pearsall 
was able to establish clearly that the Desmid plankton is restricted to lakes 
with a large percentage of rocky shore and showing little silt deposition, with 
Isoetes and Nitella as the dominant macrophytes, and with clear soft waters, 
poor in calcium and magnesium, but with a relatively high proportion of 
potassium and sodium; only a small part of the drainage system of such lakes 
is cultivated. Subsequently it was shown that, during the summer months, 
the water has a low carbonate hardness and pH, and relatively high phosphate 
and silica content (108). 

A further important conclusion reached by Pearsall was that, on the 
assumption that at the close of the glacial epoch all these lakes were more or 
less uniformly rocky, those on the hardest rocks had changed least and showed, 
relatively primitive characteristics, whilst those lying on softer strata had 
undergone more silting and therefore exhibited a later stage in development. 
It is these latter that lack the Desmid plankton typical of the former. Pearsall 
(104, p. 279) was able to establish a progression from a plankton dominated 
by Desmids (with abundant SphaerocysPis Schroeteri), via an intermediate 
stage with Diatoms (especially sj). of Tabellaria) dominant but Desmids still 
abundant, to one dominated by Diatoms with Eudorina and Oeratium abun- 
dant, and finally to an Asterionella plankton with codominant Myxophyceae. 
This progression was shown to go hand in hand wdth differences in the physical 
features before mentioned, in the quantity and quality of the macrophytes, 
and in the dominant fish. The more highly evolved lakes, with their plankton 
of Diatoms and Myxophyceae, show considerable approximations to the 
Danish lakes, well kno-wn through the investigations of Wesenberg-Liind 
(154), to those of the North German plain (7, p. 108 et seq,), and to many of 
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the pools of the Midlands (cf. 42, also 105), although 


one pools 01 me Midlands (ct. 42, also 105), although never exhibiting the 

periodic abundance of the phytoplankton that is characteristic of these various 

waters. 

In the meantime the classification of lake types was being approached on 

the continent from a somewhat different angle^. The vigorous pursuit of 
limnological studies in Germany and Austria, stimulated by the presence of 
active fresh-water biological stations at Plon and Lunz, and the fostering of 
similar researches by the Swedish fishery authorities, had led to the gradual 
accumulation of a wealth of detail relating to all aspects of the biology and 
physiography of European lakes. In 1919 Naumann (77) classified phyto- 
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tropMc waters^- are usually poor in organic substance (56, p. 661 ; 166, p. 264), 
while those of the eutrophic type are more abimdant and rich in autochtlioiious 
organic material in process of decay, derived from the abundant plankton. 
These latter sediments typically constitute the grey to black '"^gyttja'’ and, 
''Faulschlamra’' (sapropel) of the Scandinavian and German workers respec- 
tively. Koppe (56, p. 662) describes such sediments as consisting of a greenish 
grey uppermost layer in which the remains of many plaiiktoiits are still 
recognisable, succeeded by a thicker blackish grey middle layer which is the 
seat of intensive decay and is inhabited only by anaerobic Bacteria, and 
finally a greyish layer where decay is complete. Even in oligo trophic waters, 
however, a certain amount of gyttja can be deposited. Thus Haempel (44, 
p. 280) describes for the deep Attersee a homogeneous greyish green sediment 
which is perfectly odourless, hut which apparently attains to an. appreciable 
thickness (cf. also 66, p. 72). 

While Naumaiin classes all the organic sediiiieiits of eutrophic waters under 
the one heading ''gyttja,” Gams (33, p. 291) distinguishes '"^Faulschlamin” 
(sapropel) (i.e. putrefying ooze) from it on the ground that true gyttja shows 
a marked coprogenous character (94, p. 702; 154 u, p. 437), since Mie l,)ottoni 
fauna plays a considerable part in its formation, while sapropel is formed only 
in marked absence of oxygen with the co-operation of polysaprol>ic and 
anaerobic organisms‘^; it occurs especially in small stagnant wa.t(.u‘s and is 
always rich in sulphuretted hydrogen and other gases (metliam.*, etcc). The 
distinction thus drawn betw^een the sediments of eutrophic 'waters is, however, 
according to Naumann (94) only one of degree, since sapropel is connected 
with gyttja by transitions. Gams also mentions that transitions between 
Cyanophyceous gyttja and sapropel are not rare. As regards the rate of 
formation of such sediments, Osvald (101) calculates for a Pedimtnm sedi- 
ment a deposit of 1*6 mm. and for a Chroococctis sediment one of 3-4 cm. 
per annum. 

Sediments of a different kind are formed in moorland waters which, like 
the oligotrophic, are poor in electrolytes and have a scanty plankton, but are 
less transparent owing to their brown or yellow coloration. Thienemaiiii and 
others distinguish these as a third, the dystrophic type, but Naumann (81, 
p. 11) regards them merely as a special category of the oligotrophic, character- 
ised by the fact that there is abundant introduction of foreign organichnaterial 
(cf. p. 247). In such waters the rich organic sediments are formed mainly by 
precipitation of the colloidal humus compounds introduced from outside. 
These brown sediments constitute the "'Dy” or Torfschlamm ” (tyrfopel) 
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^ 111 calGareous subalpine lakes the sediments may consist almost exclusively of precipitatt 
nme fragments. 

^ This corresponds with the definition of “ Faulschlamm” (sapropel) given by Lawterbor 
(60; 60 a, p. 400 et seq,); thm term was used by Potonie (111, p. 101 etseq.) in a different seni 
with gyttja. 
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(i.e. peat ooze)i and have a very low nutrient value (cf. especially 96 , pp. 52, 
53) ; an alkaline extract has a more or less deep brown colour. 

Utermobl ( 148 , 149 ) further distinguishes “Humusschlammseen” (i.e. 
lakes with a humus ooze), characteristically found in Eastern Holstein, from 
those of the typical eutrophic kind. They are relatively shallow and poor in 
lime. In these the sediments ( 56 , p. 664) are not due to precipitation of humus 
colloids, but to the considerable introduction of dead foliage from the sur- 
rounding woods. This only decays in part forming a yellowish brown humus 
from which the mineral substances are completely absorbed (cf. also 55). 
Owing to the abundant mineral nutriment in the water these lakes, however, 
show the high plankton productivity of the eutrophic type, the plankton 
according to Utermobl exhibiting a marked stratification with several different 
forms dominant at the same time in different layers of the water. It would 
seem, therefore, that one must recognise three types of eutrophic waters 
according as the sediments are of the nature of gyttja, sapropel, or humus ooze, 
the last being paralleled among oligotrophic waters by the dystrophic facies. 

On most of these diverse sediments a distinctive flora ( 56 ) and fauna are 
to be found, rich in species in the ohgotrophic, but much poorerin the eutrophic 
and dystrophic types; as regards quantity the fauna is poorest in the last- 
named. In the eutrophic type the richness of the bottom fauna is ascribed 
to the plentiful nutriment afforded by the rain of dead plankton, while in the 
oligotrophic type it appears to be due to the often abundant bottom flora of 
colonial green and blue-green Algae and Diatoms, to which Forel ( 30 , p. 188) 
first drew attention. Lundbeck ( 64 , p. 392 et seq.) distinguishes a number of 
types of oligotrophic and eutrophic lakes according to the nature of the 
bottom fauna, and relates these especially to the amount of humus present. 
He emphasises (p. 410) that, apart from the oxygen relations, the available 
nutriment and the amount of humus are of great importance, both for the 
metabolism of a lake as a whole and especially in relation to the bottom fauna. 
There can be no doubt that the oxygen relations very largely influence the 
nature of the latter (cf. 136 ) and we may therefore in the next place devote 
a little time to their consideration. 

We owe to Birge and Juday (9) the first full elucidation of these matters. 
Working on the lakes of Wisconsin, they showed that, during the summer 
stagnation period, the bottom layers of the water show an oxygen deficiency 
as compared with the surface layers (cf. also 30 , p. 98), which may be either 
slight or very considerable, a more or less extensive part of the hypolimnion 
being often altogether devoid of oxygen {he. cit. p. 46). They ascribe this to 
the decay of the littoral vegetation and of foreign vegetable matter falling 
into the water and especially to the decay of the phytoplankton which, on 
reaching the colder and denser water of the hypolimnion, sinks more slowly 

1 The terms “gyttja” and “dy” were first introduced in the fundamental work of von Post 
(110, cf. also 111). 









238 Some Aspects of the Ecology of Fresh-watM^ 

so that the oxygen consiiraption involYed in its decay is spread over the whole 
of the hypolimnion. The extent of oxygen consimiptioii in the latter will 
depend in the main on the amount of organic matter and on the relative 
volumes of epilimnioii and h 3 rpolimnion, although other factors also come 
into play. In a subsequent communication dealing with the Finger Lakes of 
New York (10) they showed that certain of these (oligotrophic) exhibit a 
high percentage of oxygen in the hypolimnion at all times of the year. 

Thienemanii working on the lakes of the Eifel (135) confirmed the results 
of Birge and Juday, He distinguished three types on the basis of their thermal 
and oxygen relations. Two of these are characterised by thermal stratification, 
showing a well-marked thermocline during the summer stagnation period. In 
the first (Fig. 1, above) there is a gradual decrease in the percentage of oxygen 
from the surface to the bottom, but even in the hypolimnion there is an 
appreciable oxygen content (usually- 60-70 per cent, of saturation). In the 
second (Fig. 1, beloAv) there is a sudden marked decrease in oxygen content 
in the region of the thermocline, and the lower part of the hypolinmioii is poor 
in oxygen or, as in many of the Wisconsin lakes studied by Birge and Juda)^, 
altogether devoid of it. In the waters of the second type there is a sharp 
bend in the oxygeii curve (cf. also 9, p. 50) when one reaches the thermocline 
(Fig. 1). Tliienemaiin’s third type (cf. also 9, p, 45) shows no thermal vstratifi" 
cation and no ol)vious difference in the oxygen content of different layers. 
In a subsequent communication (137) this third type is not maintained, since 
it is regarded as resulting from shallowness of the water allowing of constant 
circulation, and the opinion is expressed that such pieces of water will probably 
be found in other respects to conform to one or other of the two remaining 
types. In the same paper Thienemami points out (p. 350) that these latter 
cover respectively the oligotrophic and eiitrophic types of Naumann, since it 
is essentially the abundant planl<:ton characteristic of the latter type that 
causes the marked decrease in oxygen content below^ the thermocline. 
Dystrophic waters show much the same oxygen relations as do eutrophic 
ones, although hero it is the presence of strong reducing substances in 
the allochthonous detritus rather than appreciable bacterial action that 
accounts for the oxygen consumption in the hypolimnion (63). 

The oxygen relations are not, however, always quite as diagrammatic. 
Thienemanii (135, p. 384) already draws attention to the case of Green Lake 
examined by Birge and Juday (9, p. 46) which, although oligotrophic, shows 
a slightly increased oxygen consumption for some little distance above the 
bottom and he cites the lake of Davos as another example of the same pheno- 
menon. Werestschagin (157, p. 238), moreover, describes for Lake Segosero 
(97 metres deep) a maximum oxygen content in summer at between 60 and 
80 metres depth, whilst both towards the surface and the bottom there is a 
decrease in the percentage of oxygen, and he points out that there are indica- 
tions that similar features occur in other deep lakes. 
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With reference to the current explanation for the marked horizontal 
oxygen stratification observable in deeper waters and in particular of the 
pronounced oxygen deficiency in the hypolimnioii of etxtrophic •waters^ it must 
be pointed out that we have at present no data as to the rate at wHch the 
diverse constituents of the plankton sink through the water and consequently 
of the length of time during which any given plankton form remains suspended 
in the waters of the hypolimnion. Moreover, we have as yet little information 
about the processes of bacterial decay in the deeper strata of the water 
or, for that matter, of the actual Bacteria that are at work or of their 
conditions of existence and operation (cf. however 26, 130, p. 3rS4; also 68 a 
and the other literature cited there). It may well be that the amount of decay 
in the hypolimnion will depend materially on the type of plankton and on 
the special conditions obtaining in each piece of water accelerating or re- 
tarding decay. The fact that in many cases examination of the sediments 
shows the persistence of plankton organisms in a more or less recognisable 
form (98, 153) lends support to the view that sometimes at least there may 
be little decomposition until the bottom is reached. 




Odensee (sheltered) Vita Vattnet (exposed) 

Fig. 2. Comparison of oxygen stratification in a sheltered and in an exposed lake 

(after Alsterberg). 

Alsterberg (5, 6) has shown that, apart from the macro-stratification, there 
exists a micro-stratification immediately above the bottom, conditioned by 
the processes of decay proceeding there. He has demonstrated (5, p. 264) 
that, in a lake that is sheltered from winds, the oxygen stratification in the 
hypolimnion is not horizontal, hut closely follows the configuration of the 
bottom (Fig. 2, left-hand diagram), and he ascribes the horizontal stratifica- 
tion usually observed (Fig. 2, right-hand diagram) to the uiivin g effect of 
winds and to currents set up by unequal heating of different parts of the 
water. These are conditioned by absorption of heat by the layers of water 
immediately overlying the sediments (6, p. 6) which constitute a reservoir of 
heat (cf. also 11). Alsterberg is of the opinion (cf. 5, p. 273) that the decay 
of the sinking plankton has little to do with the oxygen stratification, and 
Lundherg (65, p. 384) specially emphasises the fact that in most pieces of 
water the plankton will become sedimented at different levels, so that in the 
shallower regions at least it will certainly not undergo decay before reaching 
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the bottom. Nevertheless, these two investigators do not appear to have proved 
conclusively that there is not an appreciable amount of decay on the part of 
the plankton in deeper waters before it reaches the bottom and that these 
processes may not play a considerable role in conditioning the oxygen stratifi- 
cation. Their work is, however, of great value because it has drawn attention 
to the importance of considering the bottom configuration in this connection 
and such considerations maj?" explain some of the anomalous cases previously 
referred to (p. 238). Lundberg’s statement that decay must also take place 
more slowly in the colder waters of the hypolimnion remains to be proved; 
American workers (26, p. 377 ; 29 a) have shown that many of the fresh-water 
Bacteria operate as actively at lower as at higher temperatures. 

Returning once again to the three types of waters distinguished by 
Thienemann and Naumann, it may be added that oligo trophic lakes are in 
general deeper, with a comparatively narrow littoral shelf and scanty littoral 
vegetation and a more extensive hypolimnion as compared with the eutrophic 
type, while the dystrophic are variable in depth, but practically always 
possess scanty littoral vegetation^. The extent of the littoral zone is a factor 
of great importance, since its shallow waters are readily warmed and often 
show a high degree of productivity whose surplus becomes available to the 
lake or pool as a whole. Thienemann ( 140 , p. (87)), speaking of the Central 
European lakes, points out that, as a general rule, those having an average 
depth of 18 metres or more are oligo trophic, while those of a lesser depth are 
eutrophic. This would justify the view that the character of a lake is deter- 
mined largely by the form of its basin, and Thienemann goes so far as to 
suggest that, if this correspondence does not obtain, artificial alteration of 
the character of the lake is always to be suspected. Many other investigators 
have commented on the richness of the plankton in shallow waters (cf. 12, 
p. 35; 48, p. 185), and Naumann (84, p. 646) has pointed out that under 
uniform geological conditions plankton productivity is in the main indirectly 
proportional to the depth. 

In establishing the main types too much stress has probably been laid on 
the concept of a lake as a practically self-contained microcosm, shut ofi from 
most foreign contamination, so that the characteristics are largely determined 
by geomorphic features. Since the latter often fall into line with the character 
of the immediate environment (150), their importance has perhaps been over- 
estimated. But ill the majority of cases there are inflowdng streams (cf. 116) 
and the presence of woods or artificial plantations in the neighbourhood, as 
well as of more or less extensive tracts of cultivated ground, will greatly 
heighten the relative effect of outside influences in relation to the primary 
geomorphic features (131, p. 122). Decksbach (21, p. 278) draws special 
attention to the seasonal operation of natural factors, such as great floods 

With reference to the general biological relations and the nutritive cycle in lakes, with 
which it is not possible to deal here, ef. especially 4, 130, 139. 
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and the transport of sand by wind, leading to mineral sedimentation far bejmnd 
the realms of the littoral zone to which such deposits are usually restricted. 

Donat (28), moreover, has distinguished two types of oligotrophic waters, 
namely those which are conditioned by geomorphic causes and those which 
are determined largely by physiological causes, in other words bjr the scanty 
mineral content of the water. He points out that the majority of North 
German waters showing oligotrophic characters possess a vegetation that is 
only to be distinguished quantitatively from that of the eiitrophic type (cf. 
also 81, p. 16). Such have a narrow marginal ledge (the U-sliaped type of 
Strom, 131, p. 117), so that the Plimgmites zone and other littoral macrophytes 
can only achieve a scanty development. The low plankton productivity of 
such waters is attributed to the prevailing low temperature of the water owing 
to the absence of a broad, shallow^, readily warmed littoral zone. It is sug- 
gested that the available salts cannot be exploited by the littoral vegetation 
owing to the lack of room and by the phytoplankton owing to the low tem- 
perature, and it is indicated that the majority of siibalpine lakes probably 
belong to this type^. It may perhaps be doubted whether the low plankton 
productivity of Donat’s geomorphic type is correctly ascribed to the low 
temperature, since Schiller (119) has recently showm that cold water (11-12° C.) 
is often more productive than warm (23-25° C.). A more probable explana- 
tion may lie in the scanty littoral zone and the resulting restricted breeding 
ground for the plankton (cf. p. 244). Another good example of the geomorphic 
oligotrophic type is seen in Lake Hurdals in Norway (39). 

Donat’s second, the physiologically oligotrophic type, specially studied by 
him in Pomerania, is distinguished by the absence of Plimgmites and Pota- 
mogeton^ the presence of Lobelia and Isoetes (always also the liverwort Aneura 
sinuata var, suhnersa), and the occurrence of a Desmid plankton which is 
poor in number of individuals. 

It appears to me that here we are able to establish contact between the 
continental work and that done on the waters of the Lake District. The lakes 
with Desmid plankton correspond to Donat’s physiologically oligotrophic type, 
while those with a plankton of Diatoms and Myxophyceae represent a step) 
in the direction of his geomorphic oligotrophic type. The point of greatest 
interest lies in the fact that Pearsall has undoubtedly established a transition 
between the two types (cf. especially 104, p. 275) which, if I interpret Donat 
rightly, he does not believe to occur in the district investigated by him. It 
can hardly be doubted that the geomorphic oligotrophic type would in its 
further evolution pass over to the eutrophic type. In fact it would seem that 
the Lake District is peculiarly favourable for the study of incipient eutrophy 
and the changes that go hand in hand with it. A study of the thermal and 
oxygen relations and of the bottom sediments, especially in relation to the 
fauna, is much to be desired. 

^ Whether Naumann*s ultra-oligotrophic type (85, p. 101) belongs here is not altogether clear. 
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Tliat the oligotropliic type can pass over into the eutrophic has of course 
long been known, and neither Naumann nor Thienemann have failed to 
recognise the existence of manifold transitions^. The classical case is that of 
the lake of Zurich where, following on the discharge into the lake of the 
sewage effluent, an entire alteration of its character took place (29; 71; 72, 
p. 148 et seq.; 73); another example that has been studied in detail is that of 
the PTallwilersee (16)^. In such cases artificial factors ha.ve been at work (cf. 
also 85, p. 104), but eutrophy can also result from the operation of natural 
factors (58; 138, p. 210; 166, p. 264; 167). The suggestion of a development 
in the converse direction, from eutrophic to oligotrophic, has been made by 
Gams (34, p. 125; cf. also 129, p. 109). Cases are also on record of the passage 
of oligotophic to dystrophic types (140, p. (87)), and Decksbach (24) gives 
for Russian lakes a possible transition between the two via an eutrophic 
stage (cf. also 33, p. 290). It is of course also to be expected that, 
under certain conditions, only part of an oligotrophic basin will undergo 
change to an eutrophic character; some parts of the Lake of Lugano 
belong to the one, others to the second type (29, p. 21; 138, p. 210; cf. also 
23, p. 499; and 158). 



While there are thus evidently many variants of the two (or three) main 
types and these are linked up in various ways by transitions, the primary 
distinction of lake waters into oligotrophic, eutrophic and dystrophic types 
is a most valuable one, since it is based not on one factor only, but on practi- 
cally the whole complex, physical, physiological, and biological. There can 
be no doubt, however, that these distinctions are not applicable solely to the 
larger basins, but apply to all bodies of standing water (85, p. 102; 86, p. 655). 
Lake, pool and pond are but entities of difierent dimensions, and a classifica- 
tion of aquatic communities as amongst these three is altogether impossible 
(91, pp. 1, 13). There are shallow lakes and deep ponds and any rigid definition 
is out of the cpiestion. This is clearly indicated inter alia by the results arrived 
at by Griffiths (41), although his data are not adequate for a full elucidation 
of the matter. The deep rocky pools with little phanerogamic vegetation 
and scanty phytoplankton are clearly oligotrophic in character, while the 
shallow weedy ones are eutrophic. One would like to have some exact data 
as to the oxygen relations and bottom sediments of these various pools and 
ponds, and I am inclined to think that the investigation of these matters in 
the deeper rocky pools with little organic life would not support Dr Griffiths’ 
view of the oxygen deficiency in the lower strata of the water. Contiiiental 
work has shown that such oxygen deficiency only exists "where there cxre 

Lundbeck (64, p. 329) distinguishes five difl’erent communities of bottom fauna in the 
passage from oligotrophy to eutrophy. With reference to the effect of increased mineral nutriment 
on plankton productivity, see 52 and 76. 

2 With respect to the eutrophy of ponds, cf . 118, Gams (33, p. 292) states that Anahcmia flos 
aquae is now a regular constituent of the plankton of the Lake of Constance, while Schroter and 
Kirclmer ill 1896 (122, p. 27) mention the entire absence of Myxophyceae. 



A 


244 Some Aspects of the Ecology of Fresh-wmfer Algae 

copious organic sediments undergoing decay and presumably tbat is not the 
case ill the pools in question. 

Nordqvist (99, pp. 80, 87) does maintain a distinction between puddles, 
ponds, and lakes, since he finds that many zooplankton forms found in puddles 
are not to be met with in ponds and that forms characteristic of the latter 
do not occur in lakes. A perusal of his lists shows, however, that the zoo- 
plankton of ponds comprises forms met with in puddles and others met w-itli 
in lakes, so that the difference is evidently only one of degree, and it is to 
be expected that all kinds of connecting links will be found. The same is no 
doubt true of the phytoplankton. 

The shallowness of many pools and ponds, however, introduces a factor 
that does not come into operation in deeper %vaters. In these latter there must, 
with few exceptions (cf. 125 a, p. 24), he thermal stratification (cf. also 151 a), 
so that the water of the hypolimnion is cut off from the surface wnriers except 
at the time of the vernal and autumnal circulations. The products of decay 
of the bottom sediments are therefore locked up in the lower layers and only 
become available to the life of the lake as a whole when the -whole-volume 
circulation takes place; moreover, in the eutrophic type, many of the processes 
of decay in the bottom sediments will tend to be anaerobic. In the case of 
a pool or pond only a few feet deep, however, every strong wind (unless the 
piece of water be especially sheltered) will bring about a wliole volume circula- 
tion, the water will tend to be well aerated throughout and, even with rich 
organic sediments, the processes of decay wall be prevalently aerobic. It is 
clear that such conditions are specially favourable to the development of 
many Volvocales and Chlorococcales (cf. 41, p. 208) amongst others, and 
that this accounts for their prevalence in smaller shallo-w^er pieces of -^-^ater (cf . 
also 171). 

In this connection it may be noticed that the same conditions obtain over 
the shallow marginal shelf^ bearing a growth of macrophytes, that develops 
in most pieces of deeper water at an earlier or later stage in their geological 
history. Here too, there will be adequate oxygenation owing to wind action 
and decay of the shallow-lying sediments will be aerobic, so that here also 
green unicellular and colonial and other shallow- water forms will find ideal 
conditions for their development. And from this marginal fringe they will 
extend into the plankton over the deeper water and be the more abundant 
the more extensively the marginal fringe is developed (cf. 84, p. 647; 86, 
p. 658). The point that has just been brought out may be stated in another 
way, viz. that in a shallow pool or pond the marginal shelf of the deeper piece 
of wa,ter extends over the whole area, and the significance of this fact, though 
it has often been stated, has perhaps scarcely been clearly realised. It means 

^ Snell shallow waters (especially on the northern banks) may often attain to high tem- 
peratures in the early spring (cf.3; 155) which may be of great importance for the rapid develop- 
ment of the littoral plankton community. 
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that the aquatic communities of the pond or pool are to be compared with 
those of the lake margin. 

This immediately raises the question of the status of the plankton. I do 
not believe that we shall ever arrive at a clear conception of plankton, until 
we know where it comes from. It will be a familiar fact that the phyto- 
plankton usually shows a very marked periodicity, phase succeeds phase often 
within a relatively short space of time, and in any month a form that was 
previously abundant may have as good as disappeared. What becomes of the 
resting stages or persisting individuals that give rise to the fresh burst in the 
next season? In many of these forms no spores or cysts are known (very 
notably so in the case of the Desmids), so that the cycle is presumably carried 
on by a tew persisting individuals. Where are they? I strongly suspect that 
they are to be found in two places, at the bottom and in the littoral zone. 

There is no reason to refuse to accord the name of plankton to the free- 
floating element (heleoplankton of Zacharias, 170) of a shallow pond or pool, 
and there is equally little justification to withhold the name from the free- 
floating element in the shallow littoral zone of a larger and deeper piece of 
water. The two are certainly similar in character and will often be found to 
differ very markedly from that over the deeper water in the central region of 
a lake, although mixing will no doubt occur more or less readily. Naumann 
(82, p. 101; cf. also 8, p. 125) distinguishes between littoral and pelagic zones 
as regards the plankton, and I believe it will be very profitable to differentiate 
between littoral plankton^ (the benthoplankton of Griffiths, 41, p. 209) and 
pelagic plankton (the eulimnetic plankton of Apstein and Schroter and 
Kirchner, 122, p. 14; limnoplankton of Griffiths), the latter being that oc- 
curring over the deeper wnrter where macrophytic growdh is lacking. I suspect 
that the majority, if not all, of the typical constituents of the pelagic plankton 
are to be found at the bottom during their period of absence (in this connec- 
tion, cf. especially 12, pp. 10, 38), which does not of course rule out their 
simultaneous occurrence in the littoral zone. Wesenberg-Lund (154 a, p. 418) 
has expressed the opinion that the new^ phases arise from resting stages de- 
posited in the shallower w^ater near the shore and that those which sink to 
the bottom in the deeper water sooner or later perish. If this be true, then 
in lakes possessing only a narrow marginal shelf the opportunities for a yearly 
renewal would be very small. But the great po’wer of resisting adverse con- 
ditions established for the resting stages of many algae renders it probable 
that even when they sink in deeper water, some may subsequently germinate 
and again reach the surface. 


■'ii 






^ I would comprise as littoral planktonts only those organisms which are normally free- 
floating during the w^liole or part of their existence and which are capable of multiplication as 
free-floating forms. The term is therefore not altogether synonymous with the bathylimnetic 
plankton of Schroter and Kirchner (122, p. 14) which seems to me to include both littoral and 
tycholimnetic elements (cf. also 165, p. 53). 
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Tie degree of adulteration of the pelagic with littoral plankton will depend 
on tie quantity of tie latter (wiici will be dependent on the extent of the 
littoral sielf) and tie facilities for its distribution into tie open water ; nio.rc3“ 
over, multiplication of tie littoral planktonts in tie open water will naturally 
only take place if tie latter contains an adequate anioiiD.t of iniiieral niitiimeiit. 
Nauinanii (90, p. 15) points out tiat ScenedesiUMs quadricauda does not figure- 
in tie pelagic plankton of oligotropiic waters, altioiigi often abundant in that 
of eutropiic waters. It is, however, present in tie littoral zone of tie former, 
but the paucity of nutritive salts does not admit of its obtaining a foothold 
in the pelagic region. From the point of view tiat has just been put forward, 
it is much to be desired tiat experiments on tie rate of drift at different times 
of tie year and from different parts of the shore line, both towards tie open 
water and vice versa, should be imdertaken on a number of tie larger lakes 
(cf. 154 a, p. 430; 164, p. 56). They would probably help to explain many 
peculiar and variable features of the plankton, and tie conjecture may be 
hazarded tiat tie change from tie oligotropliic to the eutropliic types is in 
tie first place largely due to an increasing adulteration of tie plankton by 
tie littoral supply. Localised distribution of tie Algae in a piece of water 
has been recorded by several investigators (8, p. 698; 41; 47, p. 163; 48, 
p. 149;57;156;157, p. 241). 

Griffiths (43; cf. also 48, p; 175; 126 , p. 40) has propoiiinled the view that 
the Desmid plankton previously discussed is composed of forms tiat occur 
so scantily in tie littoral zone and in the adjacent terrain tiat they are likely 
to be overlooked there, but tiat they find better conditions of existence and 
multiplication in tie open waters of the pelagic region when carried into 
them; as an alternative hypothesis he suggests that they may simvive in tie 
pelagic region in a modified form. It is, however, not clear whether he believes 
that this happens each year. Pearsall (106, p. 64) has already stated that 
some of the plankton Desmids are carried out from the littoral zone through 
wave action and currents caused by wind, while Weseiiberg-Liiiid states that 
the plankton Diatoms are derived from the bottom and the shore (154, p. 15). 

In a shallow pool or pond the littoral plankton is alone present, although 
naturally there will be differences of degree and in certain shallow ivaters 
some of the pelagic forms will also be found. In general, however, such pelagic 
planktonts will be those capable of tiding over a period of existence in deep 
water where photosynthesis cannot occur or will at least be at a minimum. 
It is quite possible that there are only relatively few of them. Why the 
majority of them do not commonly occur in shallow waters is at present in 
most cases not apparent. Dr Griffiths finds that Ceraiium hirundinella and 
Asterionella occur only in deep pools in which stagnation conditions obtain 
(41, p. 204) and ascribes this to the presence of sediments lying in a region 
poor in oxygen. As already mentioned, I do not think that there is good 
evidence that this explanation is correct. hTaumann (87, p. 57) states for the 
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ponds of Aneboda that tlie poorer the water in mineral salts, the more does 
the phjT'toplanktoii approximate to that of lakes, whilst the richer the water, 
the more does the plankton have the character typical of that of pondsj which 
would seem to indicate that it is richness in nutritive material that rules out 
the typical pelagic planktonts. 

The primary distinction of waters into oligotrophic, eutrophic and dy- 
strophic types affords a classification which is capable of further development. 
In this connection Naumann (81) has elaborated a concept of so-called en- 
vironmental spectra (Milieuspektra), distinguishing for each factor (nutritive 
salts, detritus, dissolved gases, temperature, light and later (89) ^H) three 
grades, the oligotrophic, mesotrophic and polytrophic grades, based upon the 
intensity with which it is represented. In many cases these distinctions are 
at present largely theoretical and it may be doubted whether it is necessary 
to have a cumbersome terminology in order to make the effect of the different 
intensity of each factor clear. It is of course apparent that, as regards the 
spectra of nutritive salts and detritus, waters will in general depend on the 
geological formation in which they lie, and this is the basis of the concept of 
a regional classification of waters that has been specially elaborated by 
Naum-ann ( 81 , 85 , 92 , 95 ). In this connection a distinction of primary im- 
portance lies in the calcareous or non-calcareous character of the environment, 
as has long been recognised. Thus, already in 1899, G. S. West (159, p. 60) 
comments on the paucity of Algae in the chalk districts of Cambridgeshire, 
and it is a familiar fact that but very few Desmids are to be found in calcareous 
waters. Schmidle ( 120 , p. 68) and Rabanus ( 112 , pp. 24, 76) have likewise 
drawn attention to the marked contrast between the calcareous and non- 
calcareous waters of the plain of the Rhine (cf. also 59, p. 74). 

Recently Naumann (97) distinguishes the following variants of the oligo- 
trophic type: (a) the harmonious oligotrophic facies with all spectra of the 
oligotrophic type, easily passing over into the dystrophic; (6) the acidotrophic 
facies; (c) the dystrophic facies; {d) the alkalitrophic facies, with bottom 
deposits rich in calcareous matter; (e) the siderotrophic facies, with bottom 
deposits rich in iron (cf. also 93); and (/) the argillotrophic facies, rich in 
suspended clay. It is stated that these types may be pure, but that combina- 
tions often occur; thus eutrophy is often combined with argillotrophy, espe- 
cially in the fertile Baltic plains situated on clay. In an earlier communication 
(81, p. 12) the eutrophic type is distinguished into (a) the ortho-eutrophic 
facies with a medium calcium content, (6) the gypso-eutrophic facies with a 
high percentage of calcium, and (c) the para-eutrophic facies, in w^ich the 
eutrophic character results from detritus, etc. introduced from outside 
(Humiisschlammseen of Utermohl? cf. p. 237 and 129, p. 103). Strom (129), 
who gives a slightly different classification, suggests that the large and deep 
Scottish lochs (cf. 154 a, j)* 410) possibly represent a special facies of the 
para-oligotrophic (dystrophic) type; these have yellowish brown waters rich 
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ill humic substauces^ although probably possessing only a low oxygen con- 
sumptioiij and have a rather high calcium content. Similar lakes are stated 
to occur in Riigen. It is not possible to go into further details respecting the 
classification of waters (cf. also 33), the more so as many of the types distiii- 
giiished are as yet very superficially known, the distinction of many being at 
present based on a single factor. 

While the fundamental distinction of lake types and of other typies of 
natural waters has materially contributed towards a general understanding 
of the basis of algal ecology, we are still in most cases as ignorant as ever of 
the determining factors for the distribution of iiidividiiaJ species, nor do we 
possess the means in most cases to distinguish the numerous algal communities 
that are to be found in diverse waters, as well as in difierent parts of the same 
water. Many investigators have published lists of species that appear to 
represent distinctive communities, but it may be pointed out that such com- 
munities require to be causally related to their habitat before they can be 
accepted as ecological units. 

Various attempts have been made to determine the influence of hydrogen- 
ion concentration, which varies appreciably in different kinds of waters^, on 
the distribution of algal species^, but it can hardly be said tlurt they have 
taught us much more than was already previously known. Webrle (152, 
p. 221) distinguishes four categories of waters: the very acid, tln^ inoderaf^'ly 
acid which sometimes show slight pH variations, the permanently alkaline 
(calcareous) waters, and lastly those in which there is in summer an almost 
diurnal variation between an alkaline and a moderately acid reaction, the 
demonstration of the existence of these last being perhaps his most iin-portant 
contribution (cf. however 61, 117); the variation is usually much more pro- 
nounced in the surface than in the lower layers. The content of soluble inor- 
ganic salts runs practically parallel with the pH, being lowest in very acid 
and highest in very alkaline waters. The greatest abundance of species was 
found in the moderately acid waters. The largest number of species strictly 
limited to water of a given type occurred in the strongly acid waters, Avhilst 
the smallest number was found in the alkaline waters. But practically all 
these facts had been established without pH determinations and Wehrle’s 
results are only corroborative of what was previously known. Thus, Magdeburg 
(68, p. 164) had already shown that in the manifold algal flora of moorlands, 
there occur a limited number of sphagnophilous species (largely Desmids)'^ 

1 str0m (127) gives average values for a number of different habitats in the Norwegian 
mountains. 

2 A useful oversight of hydrogen-ion concentration in relation to aquatic biology is given 
by Bresslan (15), who also {p. 72 et seq,) summarises the knowledge to date with respect to the 
influence of plants on the -pH of the water (cf, also 69). 

® The species in qxiestion are: Eunotia exigua (Breb.) Rabenh., Nmicula subtilissmia Gleve 
and var. minor Magdeb., Penium oUongum (de Bary) Liitkem,, P. minntmn (Ralfs) CL, P. poly- 
morplum Rerty, Cosmarium cucurbita Breb,, G, pygmamm Arch., Emisimm bmale forma gut- 
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whicli are the only ones to be found in those waters which are completely 
shut off from the underlying rock by a layer of peat. These forms appear to 
be the only ones able to exist under the special conditions that obtain in these 
waters, viz. poverty of mineral salts, strong acid reaction, relatively low tem- 
peratures, and the presence of humic acids. It seems clearly established that 
they constitute a definite algal community characteristic of such waters in 
many parts at least of the north temperate zone. Similarly the work of 
Schmidle, Eabanus, and others had plainly demonstrated that only very few 
species were distinctive of alkaline wmters, 

Wehrle epitomises in a table for all the species observed by him the range 
of |>H over which they were found. With reference to this table two things are 
to be noted. With very few exceptions the species that are recorded as having 
a very limited pH range were only found in one or in a very small number of 
localities. Strom (128) has also determined the pH of the waters in which 
the species recorded by him occurred. Where the two investigators found the 
same species and Strom found it more widely than Wehrle, he nearly always 
extends its pH range and vice versa. The impression that one obtains is that, 
if a sufficiently extensive range of habitats be examined, the majority of algal 
species will be found to exist under a wide range of hydrogen-ion concentration. 
This does not mean, however, that the pH has no influence on algal distri- 
bution. It is more than probable that, while most fresh-water Algae are 
tolerant of a wide range of hydrogen-ion concentration, their optimal develop- 
ment may take place only within a limited range. 

In this connection reference may be made to the interesting experiments 
described by Skadowsky (124, p. 129). Collections of plankton, from which 
the larger forms had been removed by filtration, •were placed in the natural 
pond water, “whose pH was varied by the addition of caustic soda and sul- 
phuric acid respectively. The diverse cultures were exposed to identical 
conditions of temperature and illumination, and the number of individuals of 
each species present in a given volume wms subsequently estimated. The results 
(Fig. 3) showed that a maximum development of several species occurred 
only at a definite hydrogen-ion concentration, although more or less con- 
siderable numbers ■were to be found at ranges above and below the optimum. 
Others, however, such as Menoiclium se^nihmare (Euglenineae), showed an 
abundant development over a wide range of pH, so thatstenoionic and eiiryionic 
types can be distinguished. It can hardly be doubted that these results are 
of wide application and that a large number of Algae will be found to attain 
abundance only within relatively narrow ranges of pH (cf, also 89, p. 298), 
although they may occur in smaller numbers within a much wider range. 

winshii SoJimidle, A^'ihrodesmus incus var. minor West, Staurastriim margaritacemii (Ehrenb.) 
Menegb., S, polt/morpJmm Breb., 7vigme-8ilvae Schmidle, JS.furcatum (Ekrenb.) Breb., S, monti- 
culosum var. bifarium Nordst., Tetmemorus brehissonii (Menegh.) Ralfs, Gymnozyga hrebissonii 
Wilie, Oedogonium itzigsohmi De Bary, Oocystis solitaria Wittr. vars. elongata Printz and assyni- 
metrica (West) Printz, A?iabaena augstumalis Schmidle, 
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If pH determinations were made only in relation to species that showed 
great quantitative development, more informative data iiiiglit be obtained 


Hundreds of individuals 


Hundreds of individuals 

Fig. 3. Curves shomng frequency of various organisms at different hydrogen-ion 
concentrations (after Skadowsky). 


It would also be useful to know how far the termination of the period of 
abundance of a given form coincided with a change of pH^, There is no doubt 

^ According to UleMa (143, p. (23)) growth of Cladopwra is greatest at a of 7‘7-7-9, but 
ceases at 7*2, at which zoospore-formation occurs. The growth-optimum for Spirogyra is at 7*2, 
whilst at 7*7-7-9 zygote-formation commences. 
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that a sudden alteration of the is disastrous to a large number of forms. 
Sebenzow (123) describes bow a change from ;pH 6 to 2 killed most of 
the animal organisms present, the larvae of Anopheles macuUpennis dis- 
appearing completely. The Algae (Anhistrodesmus falcatus^ a few Desinids, 
Diatoms, and Flagellata) showed a greater power of survival, but were 
strongly diminished in numbers. 

The pH toleration of fresh-water Algae may, moreover, vary with climatic 
conditions and with other factors of the environment, and in this connection 
it is to be noted that Skadowsky’s experiments were carried out under con- 
stant conditions. The effect of other factors may explain certain marked dis- 
crepancies. Thus Tannreiither (132, p. 380) states that Euglena graciUs only 
grows well in an alkaline medium, whilst Skadowsky {he. ciL) gives for the 
same species an optimum pH at just below 4, 

Unfortunately a considerable amount of the experimental work on 
hydrogen-ion concentration in relation to Algae is of little value owing to 
the absence of specific determinations. To make generalised statements with 
reference to such large genera as Euglena, Sjyirogym^ Oedogonium-, etc. is 
absurd, as the numerous species certainly differ among one another in their 
pH relations. Cowles and Schwitalla (20) give the optimum pH for an un- 
named Euglena as 6*5, but the work of Skadcwsky shows that different species 
of this genus have very different optimal ^^H concentrations. 

The work of Ulelila (143, 144) is open to the same criticism. It is im- 
probable that the relatively narrow range of pH values given for Spirogym 
and Oedogonium can apply to all or even the majority of the species of these 
genera. It is of course a familiar fact that their species are not usually found 
in markedly acid waters, although Oedogonium itzigsohnii is a member of the 
special moorland community distinguished by Magdeburg (68, p. 167). But 
quite apart from this, species of the two genera under discussion are to be 
met with in very varied types of waters and many are common in small 
collections of water where there must often be a considerable diurnal pH 
range. Uiehla (143, p. (26)) accounts for the occasional occurrence of species 
outside the normal range as due to the possession by these species of an 
incrustation of calcium and iron carbonates formed by epiphytic bacteria and 
constituting a local buffer system, which renders the alga independent of the 
reaction of the water. This is regarded as a type of symbiosis, and it is sug- 
psted that such living buffer systems may be widespread. A more careful 
investigation is necessary before the value of this suggestion can be estimated 
(cf. 146 , p. 90). 

Gams (33, p. 290) points out that the ubiquitous plankton alga Botryo- 
coccus braunii which is to be met with in many diverse kinds of waters, shows 
characteristic variations according to their reaction. In oligotrophic lakes it 
is found only as the large green form; in smaller bodies of water rich in humus, 
but poor in nutriment, it is represented by a small brown form, while in waters 
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rich, in iiutrinient it always occurs in the red form. In mesotrophic waters; 
the red form dominates in winter, the gr^en form in summer. It is likely that 
other examples of such special habitat forms will come to light. 

With reference to the principal categories of waters previously distiii-” 
guished, Naumanii (89, p. 302) emphasises that neither in oligotrophic nor 
in eutrophic hikes are any marked extremes of hydrogen-ion concentration 
to he observed, so that the conditions admit of the development of a large 
diversity of organisms and other factors than the determine the quality 
of the phytoplankton (and no doubt of the algal flora generally). In. eutrophic 
lakes, however, there is a marked diftereiice of pH between the upper and the 
lower layers of the water (12, p. 34). According to Skadowsky (124, p, 114 ) 
also the pH is very constant in deep lakes with hard waters and in acid waters. 
He points out that in eutrophic waters the variations in pH are the greater, 
the smaller the concentration of dissolved salts and the shallower they are, 
and both he and Naumann (89, p. 302) ascribe this to the high plankton 
productivity. The influence of the latter on the reaction of the water evidently 
varies with its nature, the highest degree of alkalinity being produced by a 
Myxophyceous plankton. 

At this point attention may be drawn to the work of Uspenski (145, 146) 
which indicates that the iron content of the water may be a limiting factor. 
For a considerable number of Algae (cf. also 147, p. 273 ef. seq^ he was a1)le 
to establish that normal growdh only occurs between coiicentratioiis of 0*2 
and 2 mg. of ferric oxide per litre, while in natural -waters these limits are 
sometimes exceeded; the iron concentration, moreover, varies with the time 
of the year and with meteorological conditions and other factors. Since, with 
increasing acidity, more iron compo-unds will be dissolved out of the sub- 
stratum, the pH of the water determines the amount of ionised iron present ; 
Skadowsky (124, p. 138) mentions that with a pH of 8-8 only traces of iron 
in its active form will occur in the water. In moorland waters, however, the 
abundant organic compounds present act as buffers. According to Uspenski 
(146, p. 29; cf. also under 124, p. 144) Gladophora can be grown in water 
having a pH of 6*7 for months, if the nutritive solution is made up with a 
smaller quantity of iron than in the normal solution, since in the more acid 
water the iron is more completely ionised. This has a marked bearing on 
Ulehla’s work discussed above, as well as on other pH investigations, and 
indicates that some of the results ascribed to a change of pH may actually 
he due to a change in iron content. The forms that are most resistant to a 
high concentration of iron (Diatoms, Vmicheria, Heterokontae) are those 
which do not store starch and which possess an acid protoplasm. Uspenski 
enumerates (p. 55) a number of forms that can be used to estimate the iron 
content of the water in which they occur. According to him this factor is of 
most importance in determining the vegetation of streams and moorland 
waters. , 
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At an earlier point attention was drawn to the fact that the algal vege- 
tation of shallow ponds and pools lives under conditions which are very 
analogous at least to those obtaining over the littoral shelf of the larger and 
deeper lakes. A closer comparison between the two than has hitherto been 
undertaken would probably prove of interest. Certain differences are of course 
to be expected, but these should be given precision; they will depend on 
differences in substratum, on greater degree of movement of the water, and 
above all on the probable influence of the neighbouring deep water on the 
littoral 2 one. Relatively little work has, however, so far been carried out on 
the littoral algal flora of lakes and, apart from disclosing the general similarity 
to that of ponds and shallow pools, it has not with few exceptions to be 
mentioned later contributed much to the furtherance of our knowledge of 
algal ecology. 

Before turning to consider the littoral zone of a lake, however, a few words 
may be said about the algal flora of ponds. As will be familiar, this is often 
very rich, comprising representatives of all classes and families of Algae and, 
above all, it is bewildering in its manifold character. I do not suppose that 
it would be possible to And two ponds in which the algal flora is the same, 
and it is a well-known fact that neighbouring ponds, situated in the same 
geological substratum and apparently identical in character, may nevertheless 
harbour a very distinctive algal flora, especially as regards the unicellular 
and colonial forms (cf. also 86, p. 659). 

Ponds are at least largely of the nature of islands. Where there is no 
definite inflow, their algal population must reach them from without, so that 
a considerable element of chance (102) becomes a factor in determining their 
flora. Even when fed by a stream, this will introduce only those forms which 
it itself harbours. Distribution of fresh-water Algae can be effected in two 
ways, viz. by wind or by animal agency (wading birds and insects, 70). Dried 
mud, containing resting spores or merely dormant individuals, if blown away 
by the wind may on reaching a suitable piece of water lead to the establish- 
ment there of the forms thus conveyed. Similarly Algae may no doubt be 
distributed in the mud clinging to the feet of wading birds or by water-beetles 
and the like. The relative efficacy of these two methods is not yet known, but 
the successful establishment of an algal form in a piece of water will not 
depend only on the character of the latter, but also on the period of its 
introduction. As Naumann has pointed out (86, pp. 667, 670), a slight in- 
fection (i.e. introduction of but a small quantity of spores or individuals) 
can in all probability only be successful if the microscopic fauna is temporarily 
at a minimum. He makes this point with special reference to the plankton, 
but it may well be of wider application. 

Naumann (86) lays emphasis on the fact that the artificial ponds of the 
Botanic Gardens at Lund, which are of the eutrophic type, have during a 
period of observation of fifteen years only shown the establishment of one 
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foreign plankton alga — Lyngbya eontorta Leinm. (cf; also 87). Direct attempts 
to introduce foreign plankton forms were without any success. It seems 
probable that siicli data are applicable to a large part of the algal flora and 
especially to those forms which do not readily form spores. The Desmids, 
which West (IBl^ p. 428) lists as fairly generally distributed in ponds and 
ditches in temperate' countries, are all forms producing zygospores and most 
of them forms in which zygospore production is an abundant pheiiomeiioii. 
It seems probable therefore that, except in a long-estahlished pond, many 
forms will be lacking that could exist there. Moreover, some of the forms 
which are present may occupy a position of greater prominence than would 
be the case if they were subjected to the competition of others that could 
(and perhaps would at a later stage) establish themselves there. And this of 
course must appty to the whole potential population of the pond, plants and 
enimals alike. It seems that many Crustacea and insect larvae will devour 
any Algae that are available, while others like many Rotifers and the Eplie- 
merid larvae exercise some degree of selection (cf. in this coiiiiectioii 36; 40; 
47 a; 78; 79; 80; 109 a, p. 310 and the other literature there cited; 125 a, 
p. 146 el seq.; 168)^. The character of the fauna may therefore be of con- 
siderable importance in relation to the question of the gradual colonisation, 
of a piece of water. 

The previous considerations indicate that the climax in a body of water 
may require a very long time for its achievement, a period that is perhaps 
to be reckoned in hundreds of years. It is therefore only in old-established 
waters that one can expect to find a complete balance between the biotic 
communities, and for this reason lakes and large pools will afiord better 
material for the study of algal communities than small ponds. Any attempt 
at classifying the latter should be based rather on the forms which are present, 
since absence may merely imply that the forms in question have not yet had 
the opportunity to become established. 

There is, however, one important source of infection from which colonisa- 
tion of a piece of water may ensue, viz. as a result of drainage from the algal 
flora of the adjacent soil, a method possibly available only when the sur- 
rounding land is cultivated. Recent work (17, 74) has showm that cultivated 
soils harbour a very great diversity of algal forms, especially of unicellular and 
colonial types. Some are definitely restricted to the soil, but many are aquatic 
types (cf. especially 51). Whether uncultivated soils are similarly rich is at 
present unknown. A comparison of the soil algal flora with that of ponds 
vsituated amid the soil in question would he of interest. But another aspect 
lies in the source of this manifold algal life that can, be obtained from soil 
cultures. It is hardly to be supposed that the soil is the natural medium for 
a large number of the forms involved, and one is tempted to believe that their 

^ Naumaiin and others have shown, however, that the fine organic detritus constitutes the 
chief nutriment of many zooplankton forms (cf , especially 78). 
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presence there is to be explained as the result of wind or animal dispersal of 
spores or dormant individuals which, failing to reach a piece of water, remain 
there in a resting condition or, possibly in cultivated soils, in part find favourable 
conditions for growth and multiplication. 

We may no^ turn to a consideration of what is known with respect to the 
littoral algal communities of lakes, in the course of which, however, occa- 
sional references to observations on smaller pieces of water will be included. 
The most complicated features are to be found in the shallow littoral zone 
where the largest number of forms occur and competition is keen. As we pass 
out into the deeper water and the multiplicity of substrata becomes lessened, 
the all-important efiect of the decrease in light intensity (possibly in con- 
junction with increasing oxygen deficiency) becomes marked and distinctive 
communities are more easily recognised. In the shallow littoral zone all 
manner of substrata, organic and inorganic, dead and alive, are peopled with 
an abundance of epiphytes and sessile animal forms. Many of the former are 
permanently epiphytic, unless torn off from their substrata by wave action. 
Others are only temporary epiphytes, such as the species of Diatoma and 
Tabellaria, which after detachment are capable of existence as plankton forms 
when the form of the colony changes from a chain to a star (154, p. 19). 

It must, moreover, be realised that a very large proportion of the Algae 
of the littoral zone and of other shallow waters are epiphytic in the first stages 
of their growth, namely nearly all those that originate from zoospores, such 
as Cladophom, Oedogonnim^ Vlothrix, Tribonema, etc. Their early growth is 
thus conditioned by the presence of available substrata and by competition 
with the numerous other epiphytes (165, p. 51). Such forms contrast with 
the Zygnemales, for example, which mostly arise from una-ttached stages 
(zygospores or possibly fragments) buried in the mud. Many of the zoosporic 
forms can, however, also propagate by unattached aplanospores, akinetes, 
and the like, so that they can be included under two biological categories. 
This is possibly true of all the zoosporic types, although certainly not the 
rule among the Oedogoniales for instance. Moreover, the zoospores which 
give rise to epiphytic Oedogonium, Ulothrix, Clado 2 )hom, etc. themselves in 
part arise from zygotes buried in the mud and thus the presence of such forms 
may depend primarily on suitable conditions for their germination obtaining 
in the mud and secondarily on the presence of a suitable substratum. 

Most of the larger filamentous forms and many palmelloid types (e.g. 
Tetraspora) are, however, at the best only attached in the younger stages. 
With oncoming fragmentation they give rise to the familiar free-floating 
tangles, themselves colonised by epiph}7tes and inhabited by a special popu- 
lation of unicellular and colonial algae and animals, thus constituting secondary 
floating communities. These forms may thus belong to two communities, at 
first to the attached epiphytic and then to the floating community. It is 
possible that the floating communities of these forms will differ in some 
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respects -according as they arise from primarily epiphytic stages or from stages 
- which have been buried in the mud. In the latter case one would expect to 
find within them certain of the specific unicellular mud types, some of which 
may find favourable conditions for multiplication within the tangles. 

Ill order to arrive at a clear understanding of the littoral algal vegetation, 
it is therefore necessary to know (a) the conditions affecting the gerniiiiatioii 
of perennating stages in the bottom mud, and (b) the conditions determining 
colonisation of the primary substrata. The former can probably only be settled 
by experiment and scarcely any data are at present available, while the latter 
can at least in part he established by direct observation. A considerable 
number of observations of the latter type are in existence, but in most cases 
they do not go beyond the establishment of facts and the causal relations are 
mosth^ obscure. But it is these that require to be elucidated, if we are to 
arrive at the distinction of definite algal conimuiiities. 

Important advances in the direction of distingiiisliing the attaelied coiii- 
niunities are due to Wilier (164, 165), Magdeburg (68), Oberdorh.^r (100), 
Karsinkin (53), Hurter (49), and Thoniassoii (142). There appears to l)e little 
doubt that a considerable number of Algae are practically iiidilTereiit to tlic‘ 
nature of their substratum and the distribution of such forrns depcmds prolialilv 
in the main on the decreasing intensity of tlie light at progressive tiepths, as 
well as upon competition, although other factors will eome into play. Wilier 
(165, p. 39), however, points out that in general epi]'>hyti(*. growth shows a. 
greater quantitative development on dead than on living substrata, and ihm'e 
is also often a qualitative difference (cf. also 38). As an instance he mentions 
that ill the Mllggelsee the stones were covered with an almost juire growth of 
Epitliemia whilst the submerged plants bore no ap])reeiable numbers 
of this diatom. According to the same authority Cladojibora is found on 
stones, wood, and similar dead substrata, whilst submergod plants bear at 
the best but a very feeble growth of the species of this genus. The non- 
permanent character of the substratum, usually afforded by submerged 
macrophytes, is of course also a factor of importance. 

Further data, furnished by Wilier, refer to tlie elTect of t1n‘ mitiire of the 
living suhstratum. The growth on the shoots is quite different to that on the 
roots of Lemna minor and there are also appreciable diffVn’eiices Ifctwram the 
upper and lower sides of the fronds, as w-ell as betwiMm flu* basal and apit'a! 
portions of the roots. Karsinkin (53) likewise found pronounced differences 
between the growth on the leaf-sheaths and on the internodes of Equmdum 
Uniosum (cf. also 14, p. 308). According to Wilier Cocconeis ■plooontuh ami 
Erotodemm viride show a different distribution on the leaves of Elodva (cf. 
also 164, p. 64). When parts of the leaves die off, the Coceonehs collects espe- 
cially on -those 'that remain alive. The epiphytes in question tend to settle 
dowm in the grooves between adjacent epidermal cells resulting from the 
turgid condition of the latter (164, p. 62); it is suggested that, when parts of 
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the leaves die, the smoothing out of these grooves renders the substratum 
unsuitable for the attachment of the Cocconeis (165, p. 46). In some cases, 
moreover, the epiphytes show relations to one another. Wilier (p. 51) mentions 
that stalkless species of Gomflionema often settle down on a zone of mucilage 
that surrounds the basal cells of epiphytic species of Oedogonium and that 
Synedm ulna favours the discs of Protoderma, without however being confined 
to them. 

Analogous data are provided by Magdeburg (68, p. 137 et seq.) in relation 
to ponds. For a certain piece of water he states that Coleochaete scutata was 
mainly to be found on the under sides of Potamogeton leaves and on the stems 
of Eqmsetum, Gongrosira debaryana primaril}^ on old parts of aquatics, Proto- 
derma vinde on stones and occasionally on dying parts of aquatics, Afhano- 
chaete fcpc'M mainly on Algae and especially on Oedogonium^ while young 
stages of Oedogonium and Stigeoclonium settled down anywhere where there 
was room. The examples^ cited suffice to indicate an effect of the substratum 
which is,, however, in many cases probably physical rather than chemical 
(14, p. 308). It will in the future be profitable to direct enquiry to the physical 
characteristics of the substratum and to distinguish categories of epiphytes 
according to their capacity to settle down on different types of surfaces (cf. 
49, p. 203). In this connection it will be well to call to mind that forms like 
Cladophora^ Vaucheria, Oedogonium are readily colonised by many epiphytes, 
their degree of suitability being apparently in the order named (cf. 49, p. 201), 
while the mucilaginous threads of the Zygnemales are usually practically 
immune, although here too there are differences of degree, since threads of 
Mougeotia more commonly bear epiphytes than those of other genera. Where 
epiphytes are confined to definite substrata, their periodicity is necessarily 
largely determined by that of the latter (31, p. 41; 47, p. 224) and there can 
be no doubt that in many cases the periodicity of the filamentous forms is 
influenced more or less markedly by the availability of the requisite substrata 
for the establishment of the primary epiphytic stages (32, p. 63; 68, p. 139). 
It must be emphasised, however, that a rational consideration of the algal 
communities, apart from the accompanying fauna, is not possible. As Wilier 
mentions (164, p. 55; 165, p. 52), many of the animals, large and small, of 
the littoral zone feed on the epiphytic algal growth and the probability of 
some selection cannot be overlooked. 

Brehm and Ruttner (14, p, 308) have also laid emphasis on the effect of 
the metabolism of the living substratum on the epiphytic growth inhabiting 
submerged plants. They indicate as specially important the local changes in 
oxygen content and in hydrogen-ion concentration. In the immediate vicinity 
of assimilating water plants the latter may change very appreciably to the 
alkaline side {pH 11), to become more neutral again after dark (pH 7-5). So 

1 Wilier (164, p, 60) di*aws attention to the fact that, by contrast with those of the plankton, 
the epiphytic Diatoms have short squat frustules and have far fewer fat bodies. 
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marked a change towards the alkaline side results not only from the conversion 
of bicarbonates to carbonates, but also from a withdrawal of CO 2 from the 
latter with the production of the hydroxide (cf. 69, p. 442; 114, p. 107). 
Hurter (49, pp. 203, ,206) la^^s stress on the probable influence of nutritive 
substances diffusing from out of the substratum, and in this connection points 
out that, in the case of filamentous Algae, it is usually dead or dying parts 
that are colonised by epiphytes. At the present time, however, we are quite 
ignorant as to the possible effect of all these factors which are likely to play 
a more marked role in small stagnant waters than in larger ones. There is a 
wide field for enquiry here. 

Apart from the effect of substratum, it is the diminution in light intensity 
as we pass to deeper and deeper layers of the water that most profoundly 
affects the nature of the epiphytic growth. It is, however, not always easy 
to separate this from other factors, such as the degree of movement of the 
water, the temperature relations, and the amount of available oxygen. As 
regards temporary epiphytes, the light factor merely limits the amount of 
substratum in the vertical direction, but in the case of the permanent e|:)ip]iytos 
it undoubtedly conditions a zon«ation which is more or less marked. AVith 
reference to the former point, it may be noted that where the macropliytic 
growth is solely of the submerged type, the suhstratiim which it affords may 
be too feebly illuminated to admit of the development of certain forms and 
that this may in some cases be the chief cause for their absence, 

Oberdorfer (100) has recently dealt in great detail with the distribution 
of littoral Algae in the Lake of Constance in relation to the light factor (cf. 
also 49, p. 155 et seq.). The paper is distinguished by a specially careful analysis 
at different times of the year of the ilhimination at different depths and on 
substrata at various angles of inclination. The only forms that are recognised 
as euryphotic and apparently thriving equally well from the shore-line to a 
depth of 30 metres are Diatoms (species of Cymatopleura, ximpkora ovaUs% 
Nitzschia communis^ N, qjcilea, Pinnularia major^ and peihaps also CymheUa 
euspidata). The Algae of the shallower water (Fig. 4) are divided into two 
groups: (^) those which for the most part do not extend, to a greater depth 
than 5 metres, the majority of these exhibiting a maximum growth in depths 
between a | and 2 metres (e.g. Cladophora onspata, Oedogoniuni capillare^ 
Draparnaldia plumosa^ Navicula vuglare); (6) those which are not usually 
found at a greater depth than about 15 metres (a few' to 20 metres), wdiile 
their maximum growth is between 2 and 10 metres depth {BfMrasJiospermmn 
monilifomie^ EpitJiemia argus, E. sorex, Mougeotm parvula, Tahellaria JIoccm- 
losa). Magdeburg (68, pp. 137, 157) gives similar data for pools of the Black 
Forest, while a number of observations indicate the effect of light in deter- 
mining the growth of epiphytic forms on different substrata or on special 
parts of their substratum. Thus Wilier (165, p. 41) mentions for a certain 
piece of water that Fontinalis with closely crowded leaves bore only blue- 
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greoii forniSj while GoMitTiche stctgfbalis, affording much better conditions of 
illumination, was colonised solely by green forms (cf. also 57). Magdeburg 
(68, p. 137). describes how Bulhochaete rectangularis was to be found only on 
the upper sides of Potamogeton leaves, although the species of Oedogonium 
present settled down on both sides. 

The various observations mentioned and many others indicate that there 
is a definite zonation in relation to increasing depth of water, but this zonation 
in the shallower water is usually rather obscure because few species are con- 
^ fined only to a limited dej)th, the majority occurring over a considerable range, 


Hydrodictyon reticnlatum 
Stigeoclonium sp. 

Cladoptora crispata 
Oedogonium capillare 
Tolypotlirix tenuis 
Cosmarium spp. 

Spirogw’a sp. 

Cladophora fracta 
Spirogyra adnata 
Batrachospermum monilif. 
Cosmarium laeve 
Tabellaria floceulosa 
Epitliemia argus 
Navicula pellueida 
Eunotia lunaris 
Melosira arenaria 
Epithemia Hyndmanni 
Cladophora profunda 
Gomphonema intricatum 
Gyrosigma Spenceri 
Hildenbrandtia rivularis 
Gongrosira debaryana 
Ciiantraiisia sp, 

tics. 4. Ranges in depth of typical species of freshwater Algae in the Lake of Constance 

(after Oberdorfer). 

although usually developing a maximum growth only within a much smaller 
range. There is therefore a gradual change in the picture presented by the 
epiphytic growth as one passes into progressively deeper water, some forms 
fading out and others coming to the front, and it is only at greater depths, 
where the number of forms that can exist becomes much restricted, that the 
zonation really becomes sharply marked, so that definite communities are 
distinguishable (cf. below). Again local shading of the banks may lead to 
certain groupings appearing much nearer to the surface than they do in fully 
illuminated situations. It may be questioned therefore whether in the shal- 
loiver water the light-factor can be used to demarcate communities, although 
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it conditions a zonation within many of those which consist of attached 
(epiphytic or bottom) forms. It seems probable, however, that the actual 
commmiities must be separated largely on the basis of substratum along the 
lines above indicated. 

It is, moreover, certainly necessary to be on one’s guard in ascribing all 
zonation merely to light effects. This is shown by Djakoiioff’s observations 
on the so-called periphyton on the Volga steamers (25). The three zones 
recognisable (Pleumcapsa fluviatilis above, then green AJgae, and finally a 
stratum of Diatoms) are distinguishable not only in the vertical direction, 
but also from front to back; moreover the density of the strata produced by 
the various forms increases towards the stern of the steamers, no doubt in 
relation to the decreasing strength of the current. 

Nor can there be much doubt that the well-marked belts of Sprrogyra 
adnata, Vloihnx zonMa, TolypotJirix ■ 2 }enicilh^^^ ScMzotJinx, etc. that have been 
recognised in various continental lakes (14, pp. 301, 330; 49, p. 119; 122, 
p. 40), wherever the shore is rocky, are largely conditioned in their extent by 
fall and rise of water-level, accompanied by wave action and coiisecf iieiit 
aeration (14, p. 310). The forms in c|uestion belong largely to those which 
Schroter and Kirchner ( 122 , pp. 21, 43), in their classical work on the vege 
tation of the Lake of Constance, list as characteristic of the spray zone and 
which are supposed tp depend for their existence on wetting by s pray. Hiirter (49, 
p. 118) has, however, pointed out that occasional spray is not siiilicient for the 
development of these forms and regards these growths as representing siibinerged 
zones exposed by a recent fall of water-level. With him {he. at. p. 105) we can 
distinguish along the margin of every piece of water a permanently exposed zone, 
a permanently submerged zone, and a zone of oscillating "water-level in which the 
prominent belts under discussion are for the most part found. Rise of w'ater-level 
leads to the establishment of new growth within this zone, fall of "water-le vel in- 
volves its gradual destruction as a result of desiccation, whilst a period of con- 
stant water-level is accompanied by gradual change in the growth as a result of 
the settling down of new forms and of the periodical succession. When the water- 
level rises certain forms (especially blue-green Algae) exhibit regeneration, which 
will ensue the more rapidly the shorter the period of exposure has been, but there 
is also colonisation by swarmers from the permanently submerged zone, and 
interesting data on the rapidity of such colonisation are given by Hiirter (49, 
pp. 102, 110, 113). He also points out, however, that rapid rise of water-level 
may be accompanied by the formation of a persistent layer of air bubbles over 
the newly submerged surface which interferes with colonisation. 

Brehm and Ruttner (14, p. 301 ; cf. also p. 339) mention that on the rocky 
south shore of the Untersee at Lunz the uppermost zone inundated only at 
high water is devoid of Algae, but bears a few lichens and mosses. Below this 
(Fig. 5) comes the Tolypothrix penicUlata zone, which is recorded also from 
the lakes of Constance and Lucerne and appears to be widely represented in 











262 . Some Aspects of the Ecology of Fresh-water Algae 

the uppermost part of the zone of oscillating water-level in many of the 
Central European lakes. It is often associated with Seifionema mi/ochroHs, 
which, according to Hnrter, is an invader from the permanently exposed zone, 
and is sometimes overgrown by Chroococcus varius. Following on the Toly- 
fothfix belt is one in which species of Riviilana {R. Biasolett/iana, R. liaefna- 
tites) are dominant and this zone extends down into the permanently sub- 
merged region. The Rivularia is frequently associated with Cahthrix po/rieiina, 
as well as Dichotlirix gypsopMla and species of GhaetopJiora, Further down, 
within the permanently submerged zone, there is often a very extensive region 
occupied by the nodular and often calcified growths of species of ScJmotlirix 
{Sfasciculatci, S, lacustris, S, pulvinata^), which, as it is not subject to desicca- 
tion or appreciable wa^^^e action, is far richer in associated Algae and aniinal 
life than the two preceding zones ; Ophrydium versatile also has its chief centre 
here. Both Hiirter (4f9, pp. 128, 136) and Zimmermanii {172, p. 32) record 
dense growths of Spirogyra (S, adnata in the Lake of Constance) as extending 
to considerable depths (to 10 metres) on rocky shores. In both the Swiss lakes 
previously mentioned Ulothrix zonata forms occasional belts near the surface, 
but according to Oberdorfer (100, p. 503) it only occurs in quantity where 
there is an influx of organic matter. 

The zonation just discussed, especially that occupying the region of 
oscillating water-level, is no doubt largely a result of the ditTeriiig capacity 
of the diverse species to withstand desiccation, in which respect Tolypotlirix 
penicillata appears to be the most resistant. It is, however, only wliere there 
is a firm rigid substratum that such zoning is recognisable. When the littoral 
region is sandy (30, p. 182) or inuddy, as when the shore slopes more gently, 
the substratum bears a community composed largely of diatoms and blue- 
green Algae whose character changes as -we pass into the deeper water and, 
after the belt of littoral macrophytic growth is left behind, becomes the very 
characteristic profundal community. This includes a rather limited number 
of species and has been studied in various continental waters (cf. 14, p. 319 
et seq.; 22; 49, p. 137 et seq.; 50; 55; 100, p. 534- et seq,; 169, etc.), though, 
as fax as I am aware, at present quite uninvestigated in British waters. 
Hurter (49, p. 243) mentions that occasional islands of rock, etc., projecting 
from the mud bear a markedly difterent growth, different too from that found 
on similar substrata in the littoral zone. It is not possible to deal here with 
the detailed composition of these mud communities, but a word may be added 
on the special conditions under which they exist. 

The light intensity that is available for the photosynthesis of members of 
the profundal community ^ is of a very low order and all such forms must 

^ Tiie Schizothrix’-zone does not appear to be developed in this form in the Lake of Constance 
where, however, one finds the “ Ifurchensteine ” described by Scbroter and Kirclmer (122, p, 43 ; 
cf. also 100, p. 640) in which species of Schizothrix play a part. 

^ As regards the light factor in its relation to the development of phytoplankton in the deeper 
strata of the water, see 62. 
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possess a very low compensation point (i.e. tlie point at which photosynthesis 
and respiration compensate one another, so that the gaseous exchange is zero) ; 
in other words a large amount of the available energy must be used for photo- 
synthesis and respiration must be at a minimum. In view of the frequent 
marked oxygen deficiency in the profundal region, a low respiration rate is 
probably in any case an essential for successful existence. In relation to the 
former point, Harder (45) has shown that shade plants of Fontinalis and 
possess a much lower compensation point than sun plants (cf. 
^ also 115), which is ascribed to a reduced rate of respiration (100, p. 526). 

Oberdorfer further refers to work of Warburg and Naegelin (151) on the 
photosynthesis of C Morelia when exposed to minimal light intensities (0-1 per 
cent, sunlight) of such a value that the light was completely absorbed. As 
much as 73 per cent, of the available energy was found to be utilised and this is 
brought into relation to increased chlorophyll content (3-96 to 4“08 per cent, as 
‘ compared with 1*8 to 2-6 per cent, in plants exposed to higher light intensities). 

In this connection it is significant that all the Algae of the profundal zone are 
deeply pigmented. Both Oberdorfer (100, p. 527) and Geitler (38, p. 98) com- 
ment on the reddish brown tint of the chromatophores of deep water Diatoms. 

Diverse workers (37, 38, 172) have, moreover, described special deep- 
water communities composed very largely of red-coloured forms and exhibiting 
a very scanty representation of the green element. They have been recorded 
I for the lakes of Constance and Lunz, but are not mentioned by Hurter in the 

I lake of Lucerne, while Pascher (103) cites other instances from unnamed 

lakes in the Alps and in Holstein. Both Geitler (38) and Zimmermann list 
!I the same three creeping Algae {Gongrosira debar y ana, Bodanella Laiiterborni 

* Zimm., a newly described fresh -water member of Phaeophyceae, and Clian- 

transia chalybea var. profunda) as members of this community, which also 
comprises Diatoms and blue-green Algae. The red forms present are in part 
Florideae {Hildenbrandtia), in part red-coloured members of other groups; as 
examples may be mentioned Rhodomonas (Cryptophyceae) and diverse red 
I Myxophyceae (species of Oncobyrsa, Merismopedia, Oscillatoria and Cliamiae- 

I siphon incnistans), A curious feature of these communities is that only some 

I forms assume the red colour, quite a number of normally coloured blue-green 

f; . . forms being, for instance, always present. 

Zimmermann in the lake of Constance distinguishes two communities 
found at different depths, viz. {a) the Cladojyhora profimda-Chammsiphon 
incrustans (red) community, including a violet-coloured Oscillatoria (0, Lach- 
neri), and (6) the Hildenbrandtia rivularis-BodaneUa Lauterborni community, 
ill which the above-mentioned Cha/ntransia is most commonly found. The 
former community is abundant between 10 and 20 metres depth, while below 
that it is confined to better-illuminated spurs, while the latter is found be- 
tween 15 and 35 metres, but in the upper part of its region of occurrence is 
mainly found in shaded furrows of the rock. According to Zimmermann 
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transitions between tbe two are far rarer than the pure communities. In the 
lake at Lunz the rock is covered by ooze from a depth of 15 metres onwards 
and so the two communities are not recognisable there. In this lake, however, 
the deep-water forms are also to be found on the meadows of Fonllmlis, 
although there are natm-ally certain differences resulting from the different 
nature of the substratum; amid the foliage of the moss one finds Modomonas 
and deep blue species of Cryptomonas. 

There can be little doubt that the minimal development of green forms 
and the prevalence of other, and especially of red, colorations represents a 
definite adaptation on the part of these deep-water communities to the quality 
of the light that reaches them. It would be remarkable if similar communities 
were not to be found in British waters. 

The occurrence of abundant loose-lying, often more or less spherical masses 
(the epipyamenic formation of Naumann), on the bottom in the littoral zone 
and sometimes well out into the deeper water is a phenomenon that has long 
been known for the aegagropilous Ohdophoras (cf. e.g. 13) and certain other 
form^ Recently however, Naumann (88, who gives the earlier literature) 
and Decbsbach (23) have appreciably added to our knowledge of such forms 
which, apart from the Claiophoras and Oplvrydium versatile, all belong to the 
Mpophyceae (species of Chroococcus, Aphanocapsa, Aphmolhece, Nosfoc 
Etvulana, and aegagropilous species of Tolypothrix and Scyloncma) Thev 
appear to be more distinctive of eutrophic than of oligotrophic waters, biff 
are in no way restricted to the former. Naumann points out that, while the 
aegagropilous types show a more or less marked periodical occurrence, the 
others are to be found all the year round, which suggests that the former are 
but a special phase of development of species that for the rest belong to other 
(probably bottom) communities. This, however, is likely to be true of all of 
them and the conditions that bring about their remarkable development in 
Mme waters and not in others still remain to be investigated. According to 
aumann the communities under discussion are characterised by their purity 
and usually consist of but a single species, but Gams (35) states that this is 
by no means always the case. 

The aegagropilous Myxophyceae play a great role in precipitating lime, 
n this connection It ma,y be recalled that Murray (75, p. 74) has described 
the formation of spherical calcareous pebbles on the bottom of Lough Belvedere 

while according to Eoth- 

pletz (lid, p. 265) oolitic calcareous grains are produced by species of Gloeo- 
mpsa and GloeotJiece on the shores of the Great Salt Lake, Utah. According 
to Naimann, moreover, all the loose-lying forms precipitate some iron 
especially in older stages; this is especially striking in the case of Nostoc 
Zetterstedt^^ where even small fragments of iron ore may be produced. There 

can be no doubt tha,t such loose-lying communities play a r61e in the gradual 
accmmilation of sediment. ® 
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The foregoing matter will have shown that a basis for the rational distinc- 
tion of algal communities is gradually being reached, although much still 
remains to be done. There can be little doubt that the direction of further 
progress lies in the study of micro-communities (68, p. 131). Of the plankton, 
since that is receiving abundant attention I will not speak, save to emphasise 
once again that what is most needed at the present time is the elucidation of 
its origin and its relation both to the littoral and the bottom communities. 
More difficult of investigation are the floating tangles of filamentous Algae 
found ill the littoral zone and such a prominent feature of most shallower 
waters ; they would best be spoken of as floating macro-communities. I believe 
that the most fruitful line of attack will be to take them individually, and it 
will be simplest in the first place to commence with such as are dominated 
by a single filamentous form and to determine its usual associates. This must, 
however, go hand in hand with a study of the micro-environment, i.e. of gas 
content, pH, and other determinable features within such tangles during day 
and night and at different seasons during their period of occurrence. Investi- 
gation of the epiphytic communities, as far as they inhabit living substrata, 
will have to follow the same lines, but in this case a study of surface in 
relation to the distribution of epiphytes is also necessary. Another aspect of 
the problem lies in the relation between the epiphytic and the floating macro- 
communities, as well as between the bottom communities and the latter. 
And all this detailed analysis will have to be fitted into the general scheme of 
classification of waters into oligotrophic, eutrophic, etc. 

On the preceding basis we may undertake a primary broad classification 
of the algal communities of static waters as follows : 

A. Attached communities, among which we shall have to distinguish the 
forms which are permanently and those which are only temporarily attached, 
the latter subsequently belonging either to the plankton or to the floating 
macro-communities. Here belong: 

(a) Ejn^ohytic communities, varying with the nature of the substratum, 
the light intensity, etc. 

(1) On inorganic substrata (stones, rocks, etc.). 

(2) On organic substrata which may be {a) living, or (6) dead* 

{b) Silt {bottom) communities which will vary with the depth and the 
degree of opacity of the water, as well as with the nature of the sediments. 

B. Floating macro-communities, among which we have to distinguish those 
arising from the bottom and those which are derived from primarily epiphytic 
stages. They will themselves bear some epiphytic growth and include a con- 
siderable number of littoral planktonic forms. 

C. Loose-lying communities (p. 264). 

D. Plankton (littoral and pelagic, p. 245). 

In flowing waters only the attached communities and the plankton are 
present, the latter consisting of detached members of the former (and especially 
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of their reproductive bodies) and of material introduced from tributaries, 
backwaters, and other sources of supply. In the absence of floating macro- 
communities flowing waters afford a simpler problem, but the continuous 
movement of the water introduces a new factor which greatlv increases 
the difficulties of detailed analysis. 
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THE PHYSIOLOGICAL SIGNIFICANCE OF THE 
XEROMORPHIC STRUCTURE OF PLANTS 

By N. a. MAXIMOV. 

1 HE question of the peculiarities that characterise the xeromorphic structure and 
the physiological significance of these characters is one of the most important 
and interesting problems in plant ecology and at the same time it is being 
much disputed. Its solution may be approached from two points of view. 
Either only one side of the plant life may be taken into consideration, namely 
its water relations, as the most important under conditions of dry habitats. 
Or the whole life of desert plants is considered as a unique integral process, 
although built up of different and even antagonistic links, but having as 
the main result the accumulation of organic substance and the creation of 
conditions for reproduction. Authors, who try to explain anatomical and 
morphological peculiarities of desert plants considering only their water regime, 
very often accept a teleological point of view and advance the proposition that 
in dry environments the plants must make economical use of water and that 
therefore their whole structure must be directed toward a decreased tran- 
spiration. The supporters of this view, therefore, accuse a number of plants of 
being “false” xerophytes, since from their structure alone they cannot be 
included in this scheme (Kamerling, 1914). They seek a basis for their views 
mainly m the study of the anatomy of desert plants and describe with 
enthusiasm thick cuticle, wax cover, sunken stomata, covering hairs and a 
number of other characters which, according to their opinion, must lower 
the transpiration rate of the desert plants to a scarcely noticeable minimum 
Those who take up this position have seldom used precise physiological 
experirnents, apparently believing that anatomical data give sufSciently good 
indications of the nature of the water relations of these plants. And only in 
recent times do we find on their part any attempts at an experimental con- 
firmation of their view^s (Seybold, 1929). 
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Those who support the other, mainly physiological point of view (Ha.viinov 
1916, 1926; Huber, 1924; H. Walter, 1926; Stocker, 192S) do not refuse t.! 
study the structure of desert plants. But they do not aitcinpl to re.-niistnict 
physiological processes from anatomical data alone. Theie are loo mane 
examples in the history of the science in which such piindv siH-cuhitivo 
constructions have led to entirely wrong concliision.s. The dai'ig. r of inter- 
pretation of these speculations increases as they arc accepted and oiiicklr 
reproduced in popular literature. Later it requires much labour to dcstroV 
these rapidly rooted, false conceptions. In this respect, the problem reminds 
one in many ways of the fight wmged round the subject of weed vepetation. 

In other wmrds, from my point of view, anatomical investigathms must 
always be followed by physiological experiments in order to show the real 
correlation between structure and function. 

The physiological peculiarities and the structure of xerophvtcs tliat inhal lit 
desert and semi-desert habitats are extremely varied, depmuling innm the 
numerous possible means of adaptation to the very comjdvv and varvimr 
conditions of the desert. Thus the use of the combined methods of anatomicn! 
and experimental study does not enable us to interpret all tlie most duiracter- 
istic peculiarities of the xeromorphic structure. Different; tv].es of xerophvtes 
possess such sharply differing structures and modes oflife. tlia it appear., nemi; 

oonTen^fr “"l oo™spon<Iing k. ol.toinod moi-o 

desire ^ f Y method, namely the study of the direct action of 

plZ tZt l physiological functions of the 

plant oi,,aiiism. For this purpose, the plants are cultivated with different soil 

■wiitings, and to other modifications of the environment 

tbov ''Ul “Ot be described in detail bete, since 

io recently published book, Tke Plant in relation 

charts in """ 1 '’T desiccating conditions we always get 

ch^ges in one Section, namely, the decrease of the dimensions of all Bie 

stom’str i'h.e stomata, increase in the number of 

hair colJ ^ compact network of veins in the leaf, denser 

develonmcT and wax covering, and very often an increased 

lopmtut of the palisade tissue and a decreased development of the sponiry 

nf^+br 1 . “g'cally these changes are follow'ed by an intensive ventilation 
in me. Create conditions favourable to increased assimilation and 

in many instances to increased transpiration. 

bSbedin'?QlT “ xerophytes, which I first 

m 1916 on the basis of my investigations in Tifiis, and which were 

HnbAr iQOeT. papers by other authors (Alexandrov, 1922; 

> , 1926, and others), seemed then, and still 
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seem to some, paradoxical and quite unacceptable. Some authors, as for 
instance Sejbold in his paper ''Die physikalische Komponente der Transpira- 
tion” (1929 a), disputes my results on the basis of experiments conducted 
to determine the transpiration of plants of different ecological types, and 
returns to the earlier statement of Schimper, that the characteristic peculiarity 
of xerophytes is the decreased transpiration. It is to be regretted that the 
experiments of Seybold, although carried out very accurately, cannot be con- 
sidered as answering the question, since he never used a true xerophyte in 
his experiments ; as examples of xerophytic plants he used mostly the leaves 
of evergreen trees. And after all, if it is necessary to create a group of "false 
xerophytes,” the evergreens would be the right group of plants to which to 
apply the term. It is known from botanical geography that evergreen trees 
are quite definitely adapted to the more humid maritime climate (compare 
for instance the well-known scheme of Brockmann-Jerosch and Etibel) and 
the transition to the drier continental climate results in their disappearance 
and the substitution of deciduous trees. This picture is very striking in 
Transcaucasia. In the very humid western part of the range, where the 
precipitation reaches 2000 to 3000 mm. a year, the "xerophytes” studied by 
Seybold (Hedera helix^ Lcmrus nobilis, Taxiis baccata^ Ilex aquifolmm) growing 
in the dense shade of the deciduous forests, are very characteristic. These 
species all disappear entirely in the drier forests of the eastern part of 
Transcaucasia. And in the real desert of course none of the xerophytes that 
Seybold studied could survive. 

Later Seybold (1929 b) undertook a special journey in the Egyptian- 
, Arabian desert in order to become directly acquainted on the spot with the 
transpiration of real desert plants. Here by a number of experiments he 
became convinced that desert xerophytes, as for instance Zygopliyllum 
coccineum and Erodmm glaueophyUimi, very often transpire water much more 
extensively than such a mesophyte as Sonchus olemceus, which he used for 
comparison. And he thus became compelled to acknowledge that under 
certain circumstances ("unter Umstanden”) xerophytes transpire more than 
mesophytes. To save the theory of Schimper, Seybold introduces in this paper the 
conception of "transpiration resistance” (Transpirationswiderstand) and tries 
to show that this resistance is much higher in xerophytes than in mesophytes. 

The method of determining transpiration used by Seybold was, however, 
not perfect. He determined the loss of water from detached branches, which 
he placed without water in direct desert sunlight and wind for fully 15 minutes. 
There is no doubt that he was dealing not with the transpiration of normal 
turgid plants, but with those which were more or less wilted. And as we shall 
see later the transpiration resistance increases very rapidly during wilting, 
and in different degrees and with different rapidities in mesophytes and in 
xerophytes. Furthermore these experiments of Seybold’s do not give quite 
reliable material for the judgment of the real transpiration of desert plants. 



276 


Symposium on Xeromorphy 

Tte approximate determinations iie made have »sliowii that all the xero- 
phytes he investigated possess a higher resistance than the mesopliytes. Tliis 
result was naturally to be expected, since he was dealing — as lias alread}-’’ 
been mentioned — with plants in a state of fairly strong wilting and just under 
these conditions the anatomical peculiarities of xeropliytes manifest their 
action in the clearest way. Thus we can draw no coiicliisions from the experi- 
ments of Seybold about the behaviour of xerophytes under conditions when 
their stomata are widely open and their leaves fully turgid. Therefore even 
ill modified form the traditional conception of the decreased transpiration of 
xerophytes does not appear convincing. 

My assistant, Vasiljev, who worked in 1929 in the Kara-Kum desert in 
Turkestan, undoubtedly one of the driest places in the world, was able to 
verify my observations on the high transpiration of xerophytes (\h.siljev, 
1931). He used a very accurate and precise method of determiiiing transpira- 
tion by weighing detached branches of plants on a torsion balaiice at very 
short intervals of time never exceeding a minute (Huber, 1927 ; Richter and 
Strachov, 1929), and came to the conclusion that such typical shrubs of this 
desert as Ammodendmi Conollyi^ Smirnovia htrhestana a.nd others have a very 
high rate of transpiration. Another assistant of mine, Kusniin, who works in 
the desert near Baku and who has studied the transpiration of the well-kiiow'ii 
‘'camel thorn” {Alhcigi camelorum) and of other xerophytes, obtained the 
same results (Kusmin, 1930). 

I therefore feel the right to affirm that the high rate of transpiration of 
many xerophytes is a firmly established fact. By this I do not mean that all 
xerophytes without exception must possess a very high transpiration rate, 
because, as I have already mentioned, the xerophytes are a very diversified 
group, different representatives of which may possess quite different physio- 
logical characters. As an example, I may mention as typical of one type of 
such plants the cacti, which are so characteristic of the deserts of America, 
and of the other type, AlJiagi ccmielonim, Peganum and Zygofliyllmn of the 
deserts of the Old World. In these two groups we find neither anatomical 
nor physiological peculiarities of similar character. Keeping in view this 
extremely great diversity in the structure of xerophytes and the impossibility 
of discovering characters that are common to all, one has thus either to refuse 
entirely the concept of xeromorphic structure or to base it chiefly on the 
changes in structure produced in the plant under the influence of the desic- 
cating factors. The character of these changes has already been mentioned. 
What is their physiological significance'? 

One cannot understand this physiological significance by selecting from 
tbe whole cycle of life processes one particular function, as for example, 
transpiration, and then trying by every possible means to find an environ- 
mental adaptation which lowers it. It is necessary to take the life cycle of 
the desert or the semi-desert plant in its entire complexity, and to follow its 
peculiarities of structure as related to these life processes. 
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The necessity of approaching the problem of xeromorphism, not dog- 
matically but logically, is particularly prominent in this connexion. One must 
never forget that the main contradiction of the life of every fully grown plant, 
especially of a desert plant, the antagonism between the processes of photo- 
synthesis and water balance, manifests a deep influence upon its structure. 
The same stomatal openings serve for the diffusion of carbon dioxide into the 
leaf and for the diffusion of water vapour out of the intercellular spaces into 
the surrounding atmosphere. Therefore plants cannot stop their water loss 
without decreasing their photosynthetic activity. For the retention of water 
they must pay with hunger in carbon and for their supply of carbon they have 
to pay with increased water loss. Such is the dilemma which confronts plants 
of dry habitats, and brings about an immense diversity of forms and types 
of xerophytes. 

To evaluate the adaptation of plants to desert conditions, it is necessary 
to remember that the climatic conditions of deserts are characterised by 
extreme variation: in other words, very great amplitudes of fluctuation, in 
temperature, as well as in humidity, occur both annually and daily. The desert, 
therefore, is not a uniformly and constantly heated oven, as is imagined by 
some botanists who have never been in deserts or have seen them only in 
passing. On the contrary, deserts are sometimes very cold and sometimes 
very humid. The very life of most desert plants depends upon their ability 
to profit from more or less short and comparatively favourable periods. And 
in desert localities where no such periods occur and where no precipitation 
falls for several years, as happens in the Djungara valley in Chinese Turkestan, 
no vegetation whatever develops, as has been shown by the recent expedition 
of Vavilov and Popov. 

The active vegetative life of the majority of desert plants takes place 
chiefly in these short periods of comparatively favourable conditions— during 
rains, for example, and in the short period that immediately follows when 
water is available for plant growth. This activity occurs chiefly in the morning 
hours when the plants are sufficiently saturated with water that has accumu- 
lated in the tissues dming the nocturnal stoppage of transpiration. The chief 
type of desert plant, and the most widely distributed, is the type of the 
ephemerals, which develop rapidly and are able to complete their life cycle 
during a comparatively short rainy period. During this period the ephemerals 
cover the soil of the desert with a uniform green carpet, which is the main 
source of food for the herds of the desert nomads. The physiology of the 
ephemerals has not yet been investigated. The rapidity of their development 
presupposes that they have a high assimilation rate, which is correlated with 
an energetic, rapid aeration of the leaves, and therefore with a high transpira- 
tion rate. I have recorded a very high intensity of transpiration rate in plants 
of the spring vegetation of the semi-desert habitat in the vicinity of Tiflis, 
plants which are closely related in physiological character to the desert 
ephemerals. 
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PlaixtvS of tlie more perennial type, whicli keep tlieir leaves for a longer 
period, continue tlieir assiinilatory activity during tlie liot, dry period only 
wken tkeir root systems dev^elop unusually deep and reacli, the ground v'liters. 
Among the plants of this tyjie are the camel thorn” {Alhfyl caniph^rtHH), 
Peganum, and many of the woody plants of the sandy deserts. Experiiiieiits 
show that all these plants possess a very high rate of transpiration, and it is 
among them that we generally find those with the highest transpiration rate. 
The leaves of such plants, as investigation shows, usually possess a sharply 
defined xeromorphic structure — small cells, numerous stomata, a very dense 
network of conducting bundles, all characters which indicate that large 
amounts of water are carried through them. The high transpiration rate 
results in a direct advantage — the evaporation of large quantities of water 
lowers the temperature of the leaves and in this wuiy prevents protoplasiiiic 
clianges and injury from high tempera, tures in the desert enviroiiiiient. xiiid 
yet at the same time these plants are such typical desert plants that it is 
not reasonable to deprive them of the name of xerophytes. The most 
and complicated group of plants among the so-called xerophytes are tlios<* 
whose root systems do not reach the ground waters, and yet are not e])]ie- 
merals, but keep their living parts during the entire year or a,t least (luring 
the frostless period of the year. These plants must live on reserves of wa, i er 
obtained from the comparatively shallow layers of the soil; on reserves that 
are replenished very scantily and occasionally during the dry period of tlie 
year and often not at all until the next rainy season. 

It is among plants of this type that one would look for the so-called typical 
xerophytes, which, according to Schimper and his followers, must be dis- 
tinguished by an economical expenditure of water. And in reality, -we find 
them here. First of this group are the cacti and other succulents, which store 
large reserves of water in the tissues of their stems and leaves dining rainy 
periods, and then slowly expend it during many months. It is of interest 
that not only the water, but also the carbon utilisation of these plants is 
based to a great extent upon the use of their own reserves. In the dry period 
of the year their stomata, which are not numerous, are tightly closed. The 
carbohydrates that are produced from the carbon dioxide formed in the 
process of respiration during the night and from the organic acids under the 
catalytic activity of the light, serve as a source for the carbon nutiiineiit of 
these plants. Such an unusual physiological function results in the absence 
of any xeromorphic structure, except a very thick cuticle. Structurally, these 
plants remind one of the hydrophytes with very large cells and few stomata. 
From the physiological point of view as well as from the anatomical, and also 
from their very peculiar appearance, they present a quite separate group that 
has nothing in common with other desert plants. 

On the other hand, among the desert plants with restricted water supply 
we also find a group that is marked by a very high rate of transpiration. 
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According to our experimental data the desert species of Artemisia^ Centaurea, 
Pmihenium and others can be listed in this group. At first sight it seems 
quite incomprehensible that these plants, having at their disposal so little 
water, should spend it so extravagantly, and yet at the same time remain 
undoubtedly well adapted to their existence under dry conditions. In order 
to clear up such a contradiction, it is necessary to recall that the rate of 
transpiration is a varying factor, which depends to a large degree upon a 
series of external as well as internal conditions which vary with difierent 
plants and especially with plants of distinctly different ecological groups. 

The absence of parallelism in these groups is due to two main causes: in 
the first place the correlation between the cuticular and the stomatal transpira- 
tion. The determinations of Kamp show tha.t the cuticular transpiration of 
mesophytes is but 2 to 5 times lower than the stomatal, while with leaves 
having a thicker cuticle it is in some cases as much as 25 times lower. It is 
clear therefore that with plants of the second type the transpiration will 
decrease much more when the stomata close, than with plants of the fi,rst 
type, and therefore all the fa-ctors influencing the opening or closing of the 
stomata will affect plants of the second type more than those of the first. 
The second cause is the difference in sensibility to external influences of the 
stomatal apparatus in various plants. As a series of experiments show, under 
a deficiency of water the stomatu. of mesophytes close sooner than those of 
xerophytes, and the former will therefore lower their transpiration rate sooner 
than the latter. 

Let us imagine for example two plants, one of a xeromorphic structure, 
the other of a mesomorphic character, which under conditions of suflficiently 
high moisture and in a moist atmosphere have identical rates of transpiration. 
Now let us follow their changes in transpiration rate under conditions of 
increasing desiccation. The mesophytic plant, at the beginning of the change, 
will have a markedly increased transpiration rate, but very soon the absorp- 
tion of water will not replace the loss from transpiration and the deficit will 
cause the stomata to close. The transpiration at this stage will decrease 
considerabty and assimilation will stop entirely. But because of the high 
cuticular transpiration the loss of water will continue at a rapid rate, the 
plant will wilt, and in continued drought will dry out entirely. 

The behaviour of the xeromorphic plant under the same conditions will 
be quite different. The transpiration rate will again increase at first, and as 
the stomata remain open for a longer time under the combination of external 
factors, this plant will lose more water through the stomata than a mesophyte. 
As I have shown long ago in co-operation with my co-workers, this is not a 
great danger, as its tissues can endure a considerable dehydration without 
injury; in other words, this plant is drought resistant. The assimilation will 
also continue much longer in this plant than in the mesophyte. This is without 
doubt an important advantage the xerophyte possesses over the mesophyte. 
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Sooner or later, however, the stomata in the xeromorpliic plant will also close, 
and only the cuticular transpiration will take place. As the cuticle of the 
xerophyte is much less permeable, especially when somewhat dry, the quantity 
of water lost will be decreased very quickly to a minimum and the plant, 
although in the state of permanent wilting, will remain alive for a long time 
with only small quantities of water lost from the tissues. Later, when a more 
humid period again occurs, the xerophjdic plant will recover and start its 
vegetative activity anew. 

The physiological relationship of the two plants will correspond when we 
consider the experimentally determined transpiration rates — the higher rate 
of transpiration will occur in the xerophytic plant. With the increased tran- 
spiration there is also an increased rate of assimilation in the xerophyte. But 
when the state of wilting is reached, the water economy of the xerophyte. will 
be much greater. Here then is a distinctly difierent physiological behaviour 
of the plants when supplied with plenty of water and when in a state of wilting. 
To my mind, here is the key to the explanation of the seeming contradiction 
between the high transpiration rate and the necessity for protection against 
drought in xerophytic plants. It is not the rate of transpiration tvJieii an 
abundant wa,ter supply is present, but the capacity to restrict ■water loss to a, 
minimum in time of drought, that characterises the water ■utilisation of the 
xerophyte. Nor is this in disagreement vdth our understanding of the xero- 
morphic structure of the plant. Increased aeration of the leaves, with open 
stomata, more rapid assimilation under these conditions, and reduction of 
water loss through the cuticle, which guarantees mamtenance of the necessary 
minimum water content— these features, in my opinion, make up the physio- 
logical significance of the xeromorphio structure. 

Likewise from this point of view, the function of the different adaptations 
for the protection of the leaf surface, for example the waxy covering, the 
abundant development of cuticle, the hairs, and other anatomical pecu- 
liarities, becomes more clearly defined. In the conception of the early authors 
these structures functioned directly in reducing the rate of transpiration of 
xerophytes and yet our experiments show that they are inefficient in this 
respect. It is not difficult to understand the inefficiency of anatomical struc- 
tures such as the thick cuticle or the wax cover in protecting the plant from 
excessive transpiration when the stomata are open, just as the best heat 
insulation of the walls of a house will not keep it warm in winter when all 
the windows are opened wide. But when the plant is wilting, when its 
stomata are closed and when the loss of water takes place only through the 
cuticle, then all these anatomical pecuUarities which are so numerous and 
which are described so readily by anatomists and morphologists, manifest 
their protecting properties. The explanation of the physiological basis of 
xeromorphism and the significance of xeromorphio structure from the physio- 
logical point of view, which I advance, does not in the least deny the signifi- 
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cance of these adaptations in the water economy of the plant, as is sometimes 
thought. It simply assigns to them another significance and, as it seems to 
me, one which is more in accord with the experimentally established facts. 

From the same point of view I am inclined to appraise the conception of 
‘'transpiration resistance,'’ introduced by Seybold (1929 &). This expression 
was taken by Seybold from the science of electroconductivity and he tries to 
apply to the loss of water by the plant the law of Ohm, taking the transpira- 
tion resistance as inversely proportional to the transpiration intensity and 
directly proportional to the deficit of humidity (saturation deficit) on the 
surface of the transpiring system of the plant. 

Thus the "transpiration resistance” of Seybold is to a certain extent the 
obverse of the "relative transpiration” of Livingston. The very uncertain 
determination of the "transpiring power” of the atmosphere by means of 
different kinds of atmometers and evaporimeters, which give results not com- 
parable with one another, he replaces by determination of the saturation 
deficit on the plant surface, and this is a step in the right direction. But this 
step forward is at the present time rather imaginary, because for a precise 
determination of the saturation deficit it is quite necessary to know the real 
temperature of the transpiring surface — a problem that is not yet solved in 
a satisfactory form in spite of a number of more or less successful attempts. 
Seybold himself confesses that he did not succeed in measuring satisfactorily 
the transpiration resistance of the desert plants which he studied. 

In the recent, mainly German, literature my views are considered as a 
complete antithesis of Schimper’s. Schimper declared that xerophytes are 
characterised by a decreased transpiration. The authors referred to say that 
Maximov contradicts Schimper and declares that xerophytes are distinguished 
by an increased transpiration rate. Such a formulation seems to me to be a 
pure misunderstanding. I have never desired nor tried to contradict Schimper 
and have always had a feeling of the greatest respect for his attempt — almost 
heroic for the time — to bring physiological principles into the study of phyto- 
geographical problems. Very naturally this heroic attempt could not be quite 
free from mistakes, and among them I reckon the theory of the transpiration 
criterion as a deciding factor in the determination of xerophytes. This is said 
with no desire to depreciate the great merits of Schimper, but a fundamental 
study of the problem under the conditions at the Tiflis laboratory has con- 
vinced me that the transpiration criterion as advanced by Schimper is in- 
correct and incomplete, and that another term, which is full of significance as 
applied to xerophytes, namely drought resistance, must be substituted. The 
rate of transpiration by itself does not tell us anything about the proper 
classification of a plant as a xerophytic or a mesophytic type ; the xerophytes 
are not distinguished by decreased transpiration, but by the capacity to 
survive long periods of drought and dehydration of their tissues without 
injury, or with only slight injury. This thesis I have advanced many times, 
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and I consider it to be now more firmly esta,-b]islied tban ever liy experimental 
evidence. How, it may be asked, did Scbimper’s transpiration criterion, for 
xeropliytes originate, bow ■ could siicb a careful observer, a man wlio travelled 
so iiiiicb, and saw with his own eyes all the types of the vegetation — how 
could he make such a mistake? The explanation is that the mistake is by no 
means complete. There is undoubtedly an element of truth in Schiniper’s 
theory, because all xerophytes have a decreased cuHmdar transpiration. Wlieii, 
ill the critical period of drought, the plant is in danger of drying out the 
stomata are closed, and a very economical use is made of the last reniaiiiing 
water. 

If we are to return to Schimper, as some German authors believe we 
should, then we must not attempt to bri.ng to life age,in the transpiration 
criterion which is now only of historical interest, but we must correct his 
definition of xeropliytism. In a corrected form it will read as follows: Xero- 
phytes are plants of dry habitats which are able to decrease the transpiration 
rate to a minimum when under conditions of water deficienc3y. But such a 
definition, with which I fully agree, is after all not a return to 8chimper, l)ut 
an advance from Schimper, an advance made without throwing aside anything 
of value in his definition, and a,t the same time avoiding a mistaken theory 
which may have been cpiite inevitable 30 years ago, but ivliich we cannot 
any longer maintain. 
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DIB TROCKENANPASSUNGEN IN DER WIPEELREGION 
DER BlUME UND IHRE BEDEUTUNG EtJR DAS 
XEROPHYTENPROBLEMi 
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Von BRUNO HUBER. 

{Mit 2 Abbildungen irn Text.) 

ICH beiliitze genie die Gelegeiilieit, iiber den Fortgang jeiier Uiitersiiclimigeii 
zu beiicliten, die micli in den Jahren 1922-1924 zur Ablehmmg des Transpira- 
tionskriterinins der Xerophilie fiibrten, zu derselben Zeit als in Mittel- und 
Westeuropa die grossartigen Untersucliiingen Maximows (19, 20) bekannt 
wiirdeiij die — von gaiiz aiiderem Beobacktungsmaterial aiisgekend — zu iiliii- 
liclien Folgeruiigeii gefiilirt batten. 

Icb darf ziinacbst in kurzen Zligen die Aiisgangsbeobacbtungeii in Brin- 
nerung bringen. Icb batte micb mit der Transpiration der Baume in ver- 
scbiedener Stammbobe beschaftigt imd gefragt, ob der zunebmenden Er- 
scliwerung der Wasserversorgimg ein sparsamerer Wasserverbraucb, also eine 
ilbnabme der Transpiration entsprecbe. Es war ein gliicklicber Ziifall, dass 
icb meine Untersucbmigen an einem 15 Meter boben Exemplar einer Sequoia 
gigantea begann, dem bocbsten Baum, der mir damals im Garten der Hocb- 
scbule fiir Bodenkultiir in Wien zur Verfiigung stand (9). An diesem Baum 
ist namlicb bei rascber Wagung abgescbnittener Zweige^ tatsacblicb fast 
immer ein sebr aiisgepragter Transpirationsabfall in der Krone festzustellen, 
wie dies fiir einen bestimmten Fall die Kurve 1 der Abb. 1 zeigt: die Transpira- 
tion in 12 Meter H5be betragt bier nur nocb etwa die Halite, in aiidereii 
Fallen sogar nur ein Yiertel bis ein Secbstel der in 2 Meter Kobe gemessenen^. 
Dabei berubt der Abfall nicbt etwa auf einem verscbiedenen Ban der Zweige, 
sondern stellt zweifellos nur eine Reaktion auf die erscbwerte Wasserversor- 
gung dar ; denn die Unterscbiede verschwinden nacb langeren Regenperioden 
oder wenn man die abgescbnittenen Zweige in Wasser stellt. 

Als icb meine Untersucbiingen auf weitere erreicbbare Baume ausdebnen 
wollte ( 10 ), stiess icb auf unerwartete Abweicbungen. An einer 12 m boben 
Quercus qiedunculata war von einem Transpirationsabfall nicbts zu bemerken : 
im Gegenteil, wenn icb mit Kobaltpapier und Alkobol-Tropfflascbcben auf 
meinen Versiicbsbaum stieg, konnte icb in der Wipfelregion fast stets eine 

^ Vortrag, gehalten im Symposium iiber “ Xeromorphie auf dem V. Intemationalen Botani- 
scben Kongress in Cambridge, 19. xlngust 1930. 

^ Ueber die Metliodik der Transpirationsbestimmung vergl. Huber (13), Iwanoff (15) mid 
Stocker (23). 

® In 14 Meter Hobe folgt nocb einmal ein leicbter Anstieg der TranspUation, der aiif kor- 
relativer Fordernng des Wipfels berubt, 
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grossere fiachenrelative Transpiration und wciter geoffnete Stomata fest- 
stellen^. Bei rascher Wagung abgesclinittener Zweige ergab sich tolgendes 
Bild: 

2 111. 6 111. 12 III. 

Transpiration in mg. pro 100 cm.- nnd Stnnde^ 46 49 i 6 

Oberflacheiientwickliing in cm.^ pro Gramm Frischgeiiiclit 150 127 89 

Transpiration in mg. pro Gramm Frischgewiclit und Stmide 69 65 67 


Abb. 1. Transpiration in verschiedener Stammhohe. Abszisse — Stammhohe in Me tern; Ordinate 
— Transpiration, bezogen auf den (linear extrapolierten) Null-Meter- Wert (Teilnng logarith- 
misch). 1. Sequoia gigantea; 2. Fagus silvatica; 3. Tilia grandifoUa; 4. Pkea excdsa; 5. Acer 
pseud 02)latanus; 6. Querciis sessiliflora; 7. Fraximis excelsior; 8. Larix leptolepis; 9. Pimts 
austriaca. 


Wenn wir die Transpiration auf gleiches Frischgewiclit der Blatter bezielien, 
siiid die Unterscliiede gering; i.a. findeii wir eineii leichten Anstieg nacli obeii. 
Die geringere Oberfiacbenentwicklung dex Wipfelblatter wild diircli eiiie be- 
deiitend grossere Transpiration der Flacbeneinheit kompensiert. 

Zwisclieii ineiner Sequoia mid der Eicke bestand nun ein auffalliger Ilnter- 
scliied: bei Sequoia waren keine wesentlicben Veranderungeii im Ban der 
Zweige ans den verschiedenen Hohen zu bemerken; die Blatter der Eiche 

^ Vollig iiberemstimmende Befunde bat Stalfelt in sehr aiisgedebnteii Untersncbungen an der 
Picbte erzielt (22, s. n.), wobei er auf die Uebereinstimmung mit meinen Angaben ausdriicldicb 
Miiweist. Anch Gradmann und Guttenberg geben abnlicbe Unterscbiede im Spaltoffniingsver- 
balten von Sonnen- und Schattenblattern mediterraner Gebolze an. Es mutet daber etwas 
eigentiimlicb an, wenn neuestens Kerl (17) in Unkeirntnis der tibrigen Liter atur meine Befunde 
anzweifeit, weii er an eiiier 4 m boben Bucbenbecke { 1) und einer ca. 9 m boben Quercus pedun- 
citfeto solcbe Unterscbiede nicbt findeu konnte, 
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zeigteii dagegen in grdsserer Hohe in ansgepragtestem Masse den Uebergang 
zu den behannten xeromorpJien Merlcmalen der sogenannten Sonnenbldtter : sie 
waren kleiner, dicker, starker gelappt, die Oberflaclie etwas wellig nnd nn- 
regelmassiger zum Licht orientiert wie die der '"Schattenblatter” aus tieferen 
Kronenteilen. Wir stehen also vor der Tatsacke, dass mit dem Auftreten der 
Sonnenblattrigheit ein Ausbleiben — oder sagen wir ricMiger, ein Hinaiis- 
sckieben — der zu erwartenden TranspiraMonseinschrdnhung parallel geJit. 

Dieser Antagonismns zwisclien morphologischer Trockenanpassnng und 
Transpirationsabfall in der Krone liess sich auch qnantitativ erbarteii, sobald 
ick wesentlich kohere, 20-30 m hoke Baume in den Kreis der Untersnckinig 
zog (11). Die Abb. 1 fiikrt Ihnen die wesentlicksten Ergebnisse vor, die im 
altekrwiirdigeii Gekolzbestand des Forstversuclisgartens Mariabrmin bei Wien 
gewonnen wurden, der Statte, wo Hoknel seine klassiscken Transpirations- 
bestimmnngen der Forstgekoke ansgefiikrt kat. Wir konnen kier in 16 bis 
26 m. Hoke bei alien geprtiften Baumen eine Transpirationseinsckrankiing 
gegentiber der Kronenbasis feststellen, aber sie ist von reckt verscHedenem 
Ausmass. Am deutlicksten ist sie bei den sogenannten ^^Scliattenholzern’’ 
Fagus, Tilia grandifolia mid Picea excelsa, wenn auck in keinem Fall so stark 
wie bei Sequoia; schwacher ist sie bei Acer pseudoplatanus, Quercus sessiliflora, 
am sckwacksten bei Fraxinus, Larix und schliesslick Finns austriaca, Im 
grossen und ganzen konnen tvir sagen, dass gerade die GeJwlze, die als empfindlich 
gegen Trockenheit gelten wie Fagus, Picea, und Tilia auf die Erschiverung der 
Wasserversorgung mit der Stammhohe durch eine viel starker e Transpirations- 
einschrdnkung reagieren wie die widerstandsfdhigeren Arten Quercus und Pinus. 
Wir vermuten, dass die sckon ausserlich sicktbaren xeromorphen Merkmale 
der letzt genannten Arten wohl vereint mit nicht okne weiteres erkennbaren 
inneren Bigentiimlickkeiten die Ursacke sind, dass die plumpste aller An- 
passungsmdglickkeiten an ersckwerte Wasserversorgung, die Eiiisckrankung 
des Wasserverbraucks sparsamer angewendet werden kann. Bamit hat aber 
die Transpirationseinschfdnkung, die so lange als das ausscMaggebende Merkmal 
der Xerophyten, ja geradezu als Masstah der '' Xerophilie^' gait. Hire Bedeutung 
eingehusst und ist zu einem Kriterium zweiten oder dritten Eanges kerab- 
gesunken, das iiberdies nur mit grosser Vorsickt angewendet werden darf ! 

Bevor wir diese Gedanl^en weiter ausfukren, miissen wir unsere Tatsackem 
kenntiiis nock nack einer Eicktung erweitern: 20 Meter Hokenuntersckied am 
Baum bedeuten nock immer keine allzugrossen Untersckiede in der Wasser- 
sattigung; auck die untersten Zweige und Blatter sind meist nock ein Stiick 
von voller Sattigung entfernt, die obersten in der Eegel nock immer turges- 
zent, Wie verkalten sick nun Zweige aus verschiedener Stammkdke bei 
anderen als den natiirlicken Wassergebalten? Solcke Bestimmungen liegen 
von meiner Versuchseicke vor. Wenn abgescknittene Sonnen- und Sckatten- 
zweige 24 Stunden in einer feuckten Kammer gekalteii wurden, wobei die 
Scknittflacken in Wasser tauckten, so zeigte sick nackker die Transpiration 
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der Scliatteiizweige gaiiz bedeutend, oft auf mebr als das doppelte^ die der 
Somieiizweige dagegeii niir unwesentlicb erbolit. Das be/weist iieiierdings, <laBs 
die mebr inesoniorplien Schattenzweige vscbon aiif das am bestt^lif^iaie 

SattigiiBgsdefizit mit eiiier viel scliarferen Traiispiratioiisi‘iriS('lir;inkiing aiit- 
worten als die Soniieiizweige^. Es lebrt aber aiisserdem, dass inder opiMfilcn 
Wasserim^IiMtmssen die Scbatteiiblatter — mid wie wir vorgreifoiid verallge- 
ineiiierii; die Mesopbyten — zweifellos starker traiispiriereii als die Soiiiien- 


Uj 1 1 ^ 

1 5 10 20 50 lOOStd. 

Abb. 2. Traiispirationsmckgang abgesclinittener Sclmttenzweige axis 2 m (aii>sgezogene Kiirve) 
uiid Sonnenzweige aus 12 m Stammliolie (imterbroeliene Kiirve) eiiier (iuemis pedunmlata. 
Abszisse— Zeit in StiUnden (logarithmisclie Teilung); OrxHnate—Tiuiispimtion in Milligram 
pro Graniiii Frisobgewicht und Stunde. 

blatter bzw. Xeropbyten. Wenn sie es tinter natiirlicben Bedingungen oft niclit 
tun, so beriikt das auf der hobeii Empfincllicbkeit der Mesopliyten sclioii gegeii 
geringe Wasserdefizite. Bei Bamnen bieten Stamm- mid Stockaussclilage oft 
giite Gelegenbeit, sicli von der bobeii Transpiration gut mit Wasser versorgter 
Sckattenblatter zu iiberzeugen. 

Als gegenteiliges Experiment kann man nun Scbatten- mid Sonnenzweige 
trooken liegen lasseii und den Transpirationsabfall bei sinkendem Wassergebalt 
verfolgen. Dabei bietet sick das oben steliende Bild (Abb. 2). Scbon in der ersteii 

^ Audi die Transpiration der Seguoiazweige steigt auf ein Mebrfacbes an, wenn man sie 
abscbneidet und in Wasser stellt. 
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Stunde f allt die Transpiration der Schattenzweige unter die der Sonnenzweige 
und bleibt zunacbst Meiner, sodass nach 15 Stunden die Wasserverlnste 44 
und 68 Prozent des Anfangsgehaltes betragen. Dann aber kehrt sich das 
Verbaltnis urn und die Sonnenzweige transpirieren deutlich (mitunter mebr 
als die Halfte) weniger als die Schattenzweige und zwar aucb nocb, wenn ihr 
Wassergehalt wieder bober liegt als der der Scbattenzweige. Ofienbar kommt 
eben erst jetzt nach volligem Spaltenscbluss ibr besserer Kutiltularscbutz zur 
G-eltung. Der Erfolg ist, dass die Sonnenzweige erst zwei Tage spater luft- 
trocken werden, was naturlieb zu einem nocbmaligen Ueberscbneiden der 
Transpirationskurven fiibrt. In unserer Abbildung ist das lucbt mebr darge- 
stellt, weil es sicb dabei scbon nur nocb urn stiindlicbe Transpirationswerte 
unter 1 mg. pro Gramm Friscbgewicbt bandelt. 

Wir konnen zusammenfassend die Eigentumlicbkeiten der Scbattenblatter 
der unteren Kronenteile und der Sonnenblatter der Wipfelregion durcb fol- 

gende Satze kennzeicbnen: , 

(1) Mit der Ausbildung xeromorpber Strukturen (“ Sonnenblattrigkeit ) 
gebt eine Verzogerung der sonst bei erscbwerter Wasserzufubr beobacbteten 
Transpirationseinscbrankung parallel. Je ausgepragter seropbil die Baume 
nach Morpbologie und Standortsanspriicben sind, desto scbwacber ist der 

Transpirationsabfall mit der Stammbobe. 

(2) Bei extremer Erscbwerung der Wasserversorgung im Experiment 
(Liegenlassen abgescbnittener Zweige) erweist sicb die FdUgheit zu Transpira- 
tionsnnschrankung bei den xeromorpben Sonnenblilttern den mesomorpheii 
Scbattenblattern iiberlegen. Ebenso ist bei voller Wassersattigung die Tran- 
spiration der Scbattenblatter eindeutig bober. 

In welcber Beziebung steben nun diese Feststellungen zum Xeropbyten- 
problem? Icb bebaupte: die Anpassungen, die wir in der Wipfelregion der 
Baume gegeniiber tieferen Kronenteilen feststellen Icdnnen, sind aucli fur eme 
game Gruppe von Xerophyten gegeniiber Meso- und Hygrophjt.en typrsch. 

Den Beweis wollen wir in drei Scbritten fiibren: Dass der Vergleicb in bezug 
auf den Standort zulassig ist, scbeint mir sicber. Wir sprecben von emem 
trockenen Standort, wenn die Wasseraufnabme erscbwert oder die Geiabr der 
Wasserabgabe erhSbt ist. Beides trifft fur die Wipfelregion der Baume zu: 
die Wasserleitung durcb den boben Stamm bedeutet eine Erscbwerung der 
Wasseraufnabme, deren Grosse wir dank den Saugkraftmessungen und Unter- 
sucbungen des Wasserleitungssystems der letzten J ahre annabernd qiiantitativ 
angeben konnen. Dass die Verdunstung in der Wipfelregion gesteigert ist, 
bezeugen die Atmometermessungen des Amerikaners Gates (4) und des 

Verfassers (12). • i j 

Dieser Vergleiobbarkeit der Bedingungen entspricbt erne weitgebende 

Gleicbsiimigkeit der Anpassungseinricbtungen. 'Fux die morphologvschen An- | 

passungsmerhmale kann diese Uebereinstimmung scbon lange als bewiesen 
gelten: alle Ziige der ausseren Morpbologie wie des feineren anatonuscben 
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Banes, die ftir die Soniieii- gegenli'ber den Scliatteiisprosseii cliarakteristiscli 
siiid, kelireii bei Xeropliyteii wieder. Icli brauche mu daraii zii eriiiiiern, wie 
getreu die quaiititativ aiia,to 2 iiischen Merkiiiale die Zalenski fiir Blatter ver- 
scMedeiier Insertioiisliolie festgestellt liat (s. Maximow (21), S. 328lf.)3 u'i 
Kellers Untersiichiiiigeii verAvaiidter Arten trockener mid feiicliter Staiidorte 
wiederkebreii. Auch das Bild, das Maxiniow von typisclier Xeroniorpliie 
eiitworfeii iiat (vergl. den voraiigeliendeii Aufsatz), die Abiialiiiie der Zell- 
grosse, die steigeiide ZaM der Stomata, das diclitere Gefassbiindelnetz mid 
die Verstarkiiiig der Kiitikiila, passt Ziig fiir Ziig Sucli aiif die Soiiiienblatter. 

Den Untersiiclinngeii der letzten Jabre aber blieb es vorbebalteii, zii zeigmi, 
wie weitgebend aiich die V djm'emsUmmmig im pIiysiologisGlmh VerJialleH ist. 
Vor allem bier wie dort die iiberrascbeiide Feststellung, dass die Traiispiratioiis- 
einscbrankiiiig uiiter Bedingnngen ansbleibt, wo wir sie bei Mesopbyteii iind 
Scliattenblatterii langst batten erwarten niiissen. Hand in Hand dainit gelit 
die Erkeiintnis, dass es beini Kampf urns Wasser entscbeidendere Hilfsinittel 
gibt als die Transpirationseinscbrankung. Icb mocbte aber mit grossteiii 
Xachdruck betonen, dass diese Feststellung einer oft verbaltnismassig aiisebn- 
liclien Xeropbyteiitranspiration mir ein Teilergebms cms eimm vern'ichiicreii 
Kom>plex ist. Weil es fiir weite Kreise das iiberraschendste Ergebnis der Xero- 
pbytenforscbimg der letzten Zeit war, ist es geradezu unter dem Scblagwort 
einer ‘'debbaften Xeropbytentranspiration’’ zii einseitig in den Vordergruiid 
gescbobeii mid zu voreilig verallgemeinert worden. Es war mir dalier eiiie 
besondeie Freude, axis den vorstebenden Ausfiilinmgen Maximows entnebnien 
zii konnen, dass wir iins iiber folgeiide Einscbrankungen vollkommen einig 
sind: ersteiis ist miter optiiiialen Bedingimgen die Transpiration dor Meso- 
pbyten xielfacb iibeiiegen iind nahert sicb der Xeropbytentranspiratioii imr 
bei gelinder Erscbwerung der Wasserversorgiiiig, wie das wobl Iljin (14) 
ziim erstenmal geseben mid betont hat; vor allem aber scheinen miter wirklicb 
extremen Bediiigmigen die Xeropbyten wobl fast stets zii einer besonders 
wirksamen den Mesopbyten iibeiiegenen Transpiratioiiseinscbrankuiig be- 
fabigt, zu der sie nur viel seltener greifen miissen als die Mesopliyten. Die 
Transpiration ist eben bei den Xeropbyten ganz einseitig zugiinsten der 
jederzeit kontrollierbaren stomataren Transpiration verscboben, wie icb scbon 
1924 nacbdriicklicb betont babe. 

Icb kann zii diesen Fragen einige iieiieste Angaben axis niiveroffentlicbten 
Untersiichiiiigeii iiieiner Scbiilerin Frl. H. Heilig machen^-. Diese hat im 
Kaiserstiilil, eiiiein Xeropbytengebiet der oberrbeiniscben Tiefebeiie vier 
charakteristiscbe Standorte regelmassig kontrolliert. In einein xeropliilen 
Kiefernwaldclien stieg zii nnserer Ueberrascbmig die Bodeiisaiigkraft selbst 
wabreiid des trockeiieii Sommers 1928 nicbt iiber 3| atm. Diese Trockeiiheit 
geiiiigte, urn die empfiiidlicbereii Pflanzen des Standorts zu Transpiratioiisein- 
schrankimg mid Spaltenscbluss zu zwingen, wabrend sie den Xeropbyten des 
^ Die Arbeit ist inzwisclien in Zeitsch\f. Botaiiik, 24 (1931), 225 erscMenen, 
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Standorts begreifliclierweise niclits anliaben konnte. So fandeii -wir melirmals 
Fagus uiid Convallaria scliwach. Viburnum lantana, Quereus sessiliflora, Bu- 
pleurum falcatum und vor allem Geranimn sanguineum viel starker transpi- 
rierend. Anders liegen die Verhaltnisse anf dem extremen waldfreieii Siidliaiig 
des “Badberg.’’ Hier xibersteigen die Bodeiisaugkrafte ancli in derWnrzel- 
regioii mehrfacli 100 atm. und die meisten Pflanzen geken wa, trend des 
Sommers ein. Die wenigen iiberdauernden Xeropkyteii zeigen danii aus- 
gepragte Traiispirationseinsclirankung; man kann sie besoiiders leiclit fest- 
stellen, wenn man mit Exemplaren derselben Arten vergleicbt. die wenige 
Meter tiefer auf dem feuchteren Talboden stelien. Aiicli am Badberg fiiidet 
man, aber in den friilien Morgenstunden die Stomata baufig geoffnet, und die 
■widerstandsfabigsteii Arten wie Teucrimn montanmn sind daiin die letzten, 
welclie sie zwiscben 7 und 8 Uhr schliessen. 

Das Ergebnis eines vertiefteren Einblicks ist also, dass die Frage der 
XeTopliytenimnspiration ilberhaupt niclit mit einem einzigen Schlagwort zu be- 
ankvorten ist; das wesentliche ist ein verscJiiedenes pd^y^iologisches Yerlialte^n der 
Xeropbyteii und Mesopkyten bei einsetzender und fortscbreitender Trockeii- 
beit. Das Verb^tnis zwiscben Xeropbyten- und Mesophytentranspiration ist 
daber nicbt konstant, sondern je nach den Bedingungen einem dauernden 
Wecbsel imterworfen, wobei offenbar in einem ziemlicb grossen Bereicb die 
Xeropbytentranspiration iiberlegen sein kann. Das Problem lasst sich heute 
nicbt mebr auf die einfacbe Scbimpersche Eragestellimg zurlickscbraiiben ! 
Mit diesen Feststellungen glaube icb micb nicbt nur in Uebereinstimmung 
mit den vorstebenden Ausfubrungen Maximows, sondern aucb mit den wich- 
tigen experimentellen Untersucbungen von Iljin, Boysen- Jensen, Alexandrov 
und Erl. Dietricb zii befinden. 

Beziiglicb eiiiiger weitere Punkte muss icb micb auf kurze Andeutungen 
bescbranken. Icb kann es aber nicbt unterlassen, auf die siibtilen Spaltofi- 
nimgsimtersiichungen Stalfelts u. a. hinzuweisen. Diese liefern in scbonster 
Weise das iiotwendige Gegenstiick zu den Traiispiratioiismessuiigen ; sie liaben 
aucb den Parallelismus zwiscben Sonnenblattern und Xerophyten weiter 
bestatigt. Iinmer wieder bat sich gezeigt, dass die Stomata der Mesopbyten 
und Scbattenblatter viel empfindlicber reagieren, die der Soiiiienblatter und 
Xeropbyten viel nacbbaltiger und gleichmassiger geofinet sind. Nicbt nur in 
Russlaiid, aucb im Mediterrangebeit, in Aeg 5 i^pten, in Ungarn sind Xeropbyten 
wabrend der Trockenzeit mit gedffneten Spalten angetroffen worden, und wenn 
wir Frl. Heiirici glaubeii diirfen, geben viele Steppengraser des Becbiiana"- 
landes eber zu grunde als dass sie ibre Stomata scbldsseii. 

Der Eaum verbietet es, aucb nocb auf die osmotiscben Verbaltnisse der 
Sonneiiblatter und Xeropbyten vergleicbend einzugeben, Nur auf eines mocbte 
icb biiiweiseii : Frau Krasnosselsky-Maximow liat zuerst erkaiiiit, dass Xero- 
pbyteii durcb grossere Dehnbarkeit ilifer Zellivande an starkere Wassergebalts- 
scbwankungen obne Turgeszenzverlust angepasst sind, und verscMedeiie 
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neiieste Uiitersiic]iiin,geii liabeii cliese Angabe gerade fiir Soiiiie.iipfl,aiizeii in 
ausgedeliiiteiii Masse bestiitigt (vergl. Heilig niid die dort aiigefillirte Lite- 
ratur). Audi xeropliile Staiidortsmodifikationen derselbeii Spezies simi diirdi 
erliolite Membranelastizitat aiisgezeicliiiet. Solcbe Formeii siiid daJier aiieli 
fiir Saiigkraftbestimmiingen nacli den Metboden von Urspriiiig unci Blum (24) 
vielfacli besser geeigiiet als Scliattenpflanzen unci Hygropliyteii. 

Icli bin am Sclilusse meiiier Ausfulirimgen und glaiibe sageii zii durfeii: 
Es gibt eineii zweifellos -weitverbreiteten Xerophytent»yp, der in der Art seiiiei' 
Einstelluiig aiif Trockenlieit init den Sonnenblattern ans cler Wipfidregion der 
Baume iibereinstiiiimt. Idi mcidite vorscMagen, cliese Anpassuiigsforin als 
'' Sonmnj^amemfyyp'' zu bezeidinen, niid damit zugleidi die Ueberzeiigiing 
zum Ausclnick briiigen, class es sicker aiicli noch andere Typeii der Trockeiiaii- 
passiing gibt. Der abweicbende Typus der Siikkiilenten ist ja sclioii laiige 
erkannt und in seiner Sonderstelliing ausreicliend gekennzeiclinet. Urn die 
Abgrenziing weiterer, woM weniger tiefgreifend uiitersdiiedener okologisclier 
Gruppen ist augenblicklich die Standortsforscliung siclitlicb bemiilit. Sie wire! 
aueb fiir die Yerfeineriing unserer Yorstellungen vom Sonnenpflaiizeiityp von 
Bedeutiing sein. 
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ZIIM VEP.GLEICH I3ER TP.ANSPIRATION XERO» 
MORPHER UMD MESOMORPHER. PPLANZEX'^ 

Von EDUARD SGHRATZ. 

{Kidsef WiUielm InstiM f it Biologie, Bedm-DaMeni,) 

Bei dem Stiidiiini der Transpirationsiiitensitat verscliiedener Pflaiizeiigruppen 
liaben. von jelier diejenigen Arten, die xeroniorpli aiisgebildet, iind dalier iiach 
Scbimper niit Mittelii ziir Einschraiikung der Transpiration aiisgestattet siiid, 
in besonderem Masse interessiert. Nacli zalilreichen Untersiiclningeii am Staiid- 
orte kamen jedocb eine Reilie von Forscbern zii der Ansiclit, dass die Tran- 
spiration der xeromorplien Pflanzen keineswegs geringer sei als die der ineso- 
morpbeii. Hiergegen wiirden in jimgster Zeit wiederiim Zweifel eiiioben von, 
solclien Aiitoren, die die xeromorphe Struktiir vom physikalisdien Stand- 
piiiikte axis als Verdiiiistiingsv’iderstand anfgefasst 'w.issen 'wolleii, eine 
Ansiclit, die vor alle.ni von Seybold vertreten wird. 

Zii dieser Frage sollen bier einige Gesicbtspnnkte geaiissert werden, zu 
denen in dem extremen Trockengebiete von Sud-Arizona aiigestellte Unter- 
snclinngen berechtigen , 

Zunachst niogen einige Worte dariiber gesagt werden, ob die bei okolo 
giscben Untersuchiingen. bislier allgemein benntzte ^letliotb.*, dt‘n Verliist 
abgesclinittener Pflanzen wflbreiid einer langeren Zeitpi‘riode festziistellen, 
geeignet ist, etwas iiber die absolute Transpirationsgrosse auszusagen. Die 
Beobachtung des Vendiinstiingsvorganges von abgescdinittenen Pflanzen in 
kurzen Zeitabscbnitten, wie 1 oder 2 Minuteii, liisst dentlicli erkeniieii, dass 
es nicbt berechtigt ist, ziiin mindesten iinter extremen Idimatisclieii Bediiig- 
nngen, den Wasserveiiiist wahrend einer langeren Zeit als koiistaiit anzuseben. 
Es ist sicber, dass der Wasserverlnst in den einzelneii Zeitabscliiiitten kein 
gleiclimassiger ist, sondern in den meisten Fallen mit fortsclireiteiider Zeit 
abnimnit. Die Abnabme der Verdimstimgsw-erte ist vor alien von drei 
Factoreii abliiiiigig. Zunachst ist von Bedeutung,, wie lioch die tatsacliliclie 
Transpiration zur Zeit des Abschneidens der Pflanze ist, sodann spieleii eine 
grosse Rolle die zur Zeit der Wagimg berrsclienden Aiissenbedingungen. 
Ausserdem ist der Abfall der Verdunstungsgrosse abliangig von der Struktiir 
der Pflanze, 

Das Ziisammenwirkeii dieser Factorenkomplexe kanii zii den verscbieden- 
sten Resultaten ftibren. Als allgemein giiltig lasst sicb feststelleii, dass die 
Verdiinstungswerte desto starker abfallen, ]e mesoniorplier eine Pflanze ist, 

^ Nach einer Mitteiiiing, gegeben auf dem V. Internationalen Botaiiiscben Kongress in 
Cambridge, Die ansfiikiiiche Arbeit ist erscMenen in Jahrb.f ur wiss, BoL 74, 1931. 
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je holier die absolute Transpiration zur Zeit des Abschneidens war, je laiiger 
die Zeit nacli dem Abscbneiden bis zum Zuriickwageii betragt und je grosser 
das Daiiipfdruckdefizit der Luft wabrend der Untersuckung ist, 

Kiirzfristige Wagungen lassen somit zu dem. Schlusse kommen, dass Ver- 
lustwertOj die aus langeren Zeitraiimen (10 bis 60 Miniiten) gewoiiiieii siiid, 
diircbaus kein Mass fiir die absolute Transpiration sind, ja dass miter extrem 
trockenen und heissen Bedingungen selbst Wagungen im Abstande von einer 
Minute nock keine Auskunft iiber die normale Transpirationskobe geben 
kdnnen. Derartige Metkoden lassen nur relative Verdimstmigswerte gewinnen, 
wenn die zii vergleichenden Pfianzen gleickzeitig oder gleich nackeiiiaiider 
imtersuckt werden. Eine solche vergleickeiide Untersuckung ist desto eker 
moglick, weil der Abfall der Verdunstungswerte zu irgeiid einer Zeit in einer 
bestimmten Beziekung zu dem Anfangswerte, und somit wokl auch zu der 
normalen Transpiration stekt. 

Besteken nun bestimmte Untersckiede zwiscken der Transpirationsgrosse 
xeromorpker und niesomorpker Pflanzeii? Bs ist zuiiackst notig, sick dariiber 
klar zu seiii, von welckem Standpunkte aus diese Frage beaiitwortet werden 
soil. Man kami sie vom okologiscken Gesicktspunkte aus studieren, das keisst, 
feststellen, wie verkalten sick die versckiedenen Pfianzenarteii am Standorte 
unter den natliiiickerweise kerrsckenden Bedingungen, oder aber man kann 
die Verdunstung der Pflanze vom rein pkysikalisckeii Standpunkte aus 
auffassen, indem man die Pflanze als spezielles Verdunstungssystem ansiekt. 
Wie wir seken werden, diirfen aber Befunde der einen Forsckungsricktiing 
niclit okne weiteres auf die andere iibertragen werden. 

Vom pkysikaliscken Standpunkte aus kat Seybold diese Frage angegriffen 
und ist zu der "Oberzeiigung gekommen, dass xeromorpke Pfianzen imbedingt 
einen grosseren Verdunstungswiderstand besitzen miissen. Es diirfte aiiok 
wokl keinem Zweifel uiiterliegen, dass diese Ansiclit ricktig ist. Wenn wir zwei 
Verdunstungssysteme kaken, die sick mir in ikrer Struktur untersckeiden, sick 
aker sonst in alien die Verdunstung keeinflussenden Factor en gleick sind, und 
auck unter gleicken Aussenbedingimgen steken, so ist es sicker, class das am 
starksten xeromorpke System die geringste Verdunstung aulw’-eisen wird. 

Als allgemeiiie Folgerung aus solcken Unter suckiingen kann aber nur 
abgeleitet werden, dass mit starkerer xeromorpkeii Ausbildung eiii kokerei 
Widerstand aiisgeiibt wird. Der weitere Sckliiss, dass deslialb xeromorpke 
Pfianzen auck eine geiingere Gesamttranspiration kabeii miissen als meso- 
morpke, ist jedock nickt mekr zulassig. Denn ‘wakreiid der Verdunstiings- 
widerstaiid tatsacklick in erster Linie von der Struktur abkaiigt, wird die 
endgiiltige Hoke der Transpiration nock von einer Menge weiterer Factoren 
bedingt. 

Streng geiiommen lasst sick aus der Blattstruktnr und dem von ikr gelei- 
steten Widerstand nur dann ein Sckluss auf die absolute Transpirationskobe 
zieken, wenn es sick um ein und dieselbe Pflanze in versckiedener Ausbildung 
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hinsiclitlich ilirer Stniktiir liaiidelt. Sobald aber mehrere versc?.biedeiie Arten. 
voiiiegen, dereii Yerdimstiiiigswiderstaiid aaf Grand ilirer vStriiktiireii in eiiieiii 
bestimmten Yerbaltnis ziieiiiander steheii, branclit sick dies(;s iiiclit in der 
Bleiige des abgegebeiieii Wassers 211 aussern. Es ist also iiiebt aiigaiigig, aiif 
Grand inorphologisclier Messimgeii iiber die Blattstridctiir die Traiispiratioiis- 
grosse eiiier Pflaiize voraiissagen zu "wollen, was diircbaais iiioglicli warCj weim 
iinr die Striiktiir diese Grosse bestiminen wiirde. Da wir a,ber bei jeder 
Pflanzeiiart ausser den strnktoellen Verschiedenlieiten ancb spezifiscbe 
pkysiologiscbe Eigenscliaften voraiissetzeii miissen, lasseii sicii Befimde an 
eiiier Art iiicht aiif eiiie andere tibertrageii. 

Es ist daber aiicli iiiclit iiibglichj aiif Grand solcber Uiitersticbiingeii, in 
deiien die Beziebnngen zwiscben Stniktur mid A^erdiiiistniigswiderstand an 
aiisgewaMten Pflanzentypen gemesseii wiirden, die tatsacliliclie Transpira- 
tionsgrosse der Pflaiizen am Staiidorte beiirteileii zu wollen, oder allgeiiiein 
festzustellen, dass xeroinorpli ausgebildete Arten am Standorte weniger trail- 
spiriereii als mesomorplie. 

Am Standorte baben wir es niit vollkommen anderen Verbiiltiiissen zu tun. 
Wabreiid wir bei der Untersucbung der Verdunstungswiderstllnde im Labora- 
toriumsexperiment iinter soiist gleicben Bedingiuigen arbeiten koiiiieiij kom- 
meii bei der Untersucbung ini Freien cine Eeibe von Factorou uiibekan liter 
mid uiibestimmbarer Grosse binzii, die ilirerseits atif die ’\\’'asserabga.l )6 einen 
grossen Einfliiss aiisliben konnen. Bei dem Studiiim der Transpiration im 
Freien konnen wir daber lediglicb Beobaclitungen tiber die tatsacblicbe 
Wasserabgabe anstellen, obne aber daraus Scliltisse auf die spezielle Wirkuiig 
der Strulrtur inacben zu konnen, da ja zu viele unbekannte Factoreii init. im 
Spiele siiid. Gaiiz gleicbgiiltig wie die Resultate derartiger Bestinmmngen sein 
inogen, zu eiiiem Kriterium der pbysikalischen Ergebnisse iiber den Verdun- 
stiingswiderstand konnen sie niclit ausgewertet werden, ebensoweiiig wde das 
Umgekebrte moglicb ist. Die tatsacblicbe Transpirationsbobe am natiirlicben 
Standorte ist gaiiz unabbangig von dem Ergebnisse der pbysikaliscben Analyse. 
Trotz boben Widerstancles mag docb die Gesamttranspiration selir bocb sein. 

Zunacbst kaiin sicb die Struktur eines Blattes, d.b. Dicke der Kiitikula, 
Wacbsiiberzug, Bebaarung u. a. wesentlicb nur auf die kutikulare Transpira- 
tion auswirkeii. Die Kobe der Transpiration wird aber in viel grosserem Masse 
von der stomatareii Transpiration bedingt. Letztere bat ibrerseits nur weiiig 
mit dem Vorbaiideiisein xeromorpber Merkmale zu tun. Bine gleicbzeitige 
Eeduziening von Zabl uiid Grosse der Stomata mit xeromorpber Stniktiir ist 
als allgemeine Eegel nocb jiicbt nacbgewiesen. Es ist somit dui*cbaiis iiioglicb, 
dass eiiie Pflanzeiiart einen duicb ausgesprocbene Xeromorpbie bedingten 
Widerstaiid durcb grossere uiid zablreicbere Stomata wieder ausgleicbt. 

Ausser der Struktur des Blattes sind nun eine Reibe von anderen Factoren 
fiir die tatsacblicbe Wasserabgabe verantwortlicb, die bei jeder Pflanzeiiart 
und zu jeder Zeit sicb verscMeden auswirken. Es ist zu beacbten, dass wir am 
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iiatiirliclieii Standorte niemals Pflanzeii iinter gleichieii Bedingungen liaben 
komien. Im besteii Falle konnen wir gleiche klimatisclie Bedingungen erwarten. 
Aber dariiber hinaus scbafft sicb jede Pflanze selbst spezifisclie Uiiterschiede, 
die bei der Beurteiliiiig der Transpiration beriicksichtigt werdeii iniissen. 

Eiiie besoiiders wichtige Rolle bei der Wasserabgabe spielt z.B. das 
Wurzelsysteiii mid die damit znsammenliangende Wasserversorgiiiig. Es ist 
eiiie recbt allgemeine Erscheinung, dass einer oberirdisclieix xeroinorpteii 
Struktiir eine besonders starke Entwickliing des Wurzelsystems entspricbt. 
Sehon aus diesem Grunde kann eine Pflanze mit koliem Yerdniistnngswider- 
stande miter Unistanden eine bedeiitend bobere Wasserabgabe leisten als eine 
mesomorphe Art mit nur oberfiacblicben Wiirzelii. Bei niesomorpben Arten 
werden wir daber viel ofter mit bescbraiikter Wasseraufnaliine als “limiting 
factor ’’ recbnen miisseii. 

Daber ist es von voriibereiii nicbt zii erwarten, dass sicii zwiscbeii der in 
der Natiir zii beobacbtenden Transpirationshohe mid der Blattstriiktiir be- 
stimmte Korrelationen anfstellen lasseii. Untersiichen wir die Pflanzen eines 
Standortes oftgeniig, d.b. miter den verscbiedensteii Verhaltnissen, denen sie 
normalerweise axisgesetzt sind, so seben wir bald, dass sicli die einzelnen Arten 
beziiglich Hirer Transpirationsbobe nicbt in fester Keihenfolge aiiordiien lasseii, 
sondern dass diese sicb von Fall zii Fall andert. Wabreiid wir miter bestinimten 
Bedingungen finden mogeii, dass eine Art doppelt soviel transpiriert als eine 
zweite, kann miter anderen Bedingimgen das Verbaltnis umgekebrt sein. Die 
einzelnen Arten werden von einer Anderiuig in den Aussenbedingungeii in ganz 
verscbiedeiier Weise beeinflusst. Daber ist es nicbt aiigiingig, axis dem Befuiide 
zxi einer willkiirlicben Zeit nmi allgemeine Scbliissfolgermigeri zieben zn wollen, 
Oder das einmal festgestellte Verbaltnis niin als Norm anzuseken. 

Wemi wir alle aiif die Transpiration einwirkenden Factor en beriicksicb- 
tigen, lassen sicb die in der Natur beobachteten VerliMtnisse gxit versteben. 
Aucb wenn wir nicbt im Stande sind, die Grossenordnxing, in der einzelne 
Factoren wirkeii, genau festzxilegen, so ist es iinnierbin moglicb, mid vorlaiiiig 
ausreicbend, zu wissen, in welcber Ricbtmig sie sicb anf die Transpiration 
answirken. 

Vergleicben wir bei den Untersxicbmigen im Freien die festgestellten Tran- 
spiratioiisbdben mit der Menge des Wassers, das den Pflanzen zii Verfxigiiiig 
stand, bedingt ent'weder dxxrcb den Wasservorrat im Bodeii oder aiicli dnrcli 
die Axisbildxing des Wm’zelsystems, so lassen sicb recbt deutlicbe Beziebiingeri 
linden. Mesomorphe Arten tibertrefien im xyigemeinen die Xeroiiiorpben in 
ibrer Transpirationsbdbe nxir dann, wenn die Wasseraiifnabme in keiner Weise 
gebemmt war. In eiiiem Trockeiigebiete fiiidet das ntir recbt selten statt, 
iiamlicb iinr nacb einem geniigenden Regenfall. Sobald aber die Untersu- 
cbnngen zii einer Zeit angestellt werden, wo die Wasseraxxfnabme bescbrankt 
ist, wird man meistens finden, dass mesomopbe Arten in ibrer Transpiration 
binter den Xeromorpben zurxickbleibeii. Denn diese leiden wegen ibres ober~ 
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flachliclieii Wiirzelsyst^ems am eliesteri miter erscliwerter Wasserversorgiiiig. 
walireiicl die Xerornorplieii aiif Griind ilirer grosse Bocleiimassfm tliireTiset- 
zeiideii WiH’zelii iiocli fiir lange Zeit eine geiiiigende Wasseroieiige a.iifiieliineii 
kdiineiij imi eine liolie Traiispiratioiisrate aufrecht zii eiiialten. DaJier ist es 
gar iiicht verwiiiiderlicli, dass Forsclier, die ilire Untersucliiingeii in extreiiieii 
Trockeiigebieteii anstellteii, zii der Uberzengung kameii, dass xeroniorplie 
Pflaiizeii eine hohe Traiispiratioiisrate besitzen, mid diese Befniide bestekeii 
aiick sicberlicb ganz zu EecJit. 

Nnr muss dabei im Aiige bebalteii werden, dass es sicli lediglick inn die 
Beantwortung der Frage haiidelt, wie gross die Traiispiratioiislioke miter 
''iiatiirlicilien/’ aber iiiibekaniiten Bediiigimgen ist. Ini Griiiide ge,n.oiiimeii 
baiidelt es sicli bei solcbeii Uiitersiicliimgeii iini um eiiieii Vergleick von 
Staiidort zii Standort. Mogen die mitersuchteii Arten aucli derselbeii Pflaiizen- 
gesellscliaft angeidren, so hat jedes einzelne Individiimii dock pliysiologisch 
seinen eigenen Staiidort, weiiii wir z.B. an die Verschiedenlieiteii der iinter- 
irdischeii Teile deiiken. Das Resiiltat solcher Untersucliimgen darf daher nicht 
zii Schliissen aiisgewertet werdeii, dass die Pflanzen init niedrigerer Verdim- 
stimg aiicli den holieren Widerstand ausgehbt hiitteii. 

Zusammenfasseiid iiiochte icli sagen, dass feste Beziehimgen zwisclieii der 
Striilvtur der Blatter mid Hirer am Standorte zu beobachtendeii Transpiration 
niclit besteheii. Die maximale Transpirationshdhe der xeroniorpheii Arten 
braucht nicht hinter der der mesoinorphen Arten zuriickziibleiben, da eiii 
diircb die Struktur bediiigter Widerstand durch andere Factoren a,iifgehoben 
warden kaiin. Es darf wobl als gesicliert gelten, dass die norinale Transpira- 
tion xeromorpber Pflanzen eine recht bohe ist. Eine starkere Transpirations- 
tatigkeit der xeroniorpben Pflanzen stelit aber in keinerlei Widersprucb zu 
dein aus pliysikaliscben Grimden zu forderndeii grossereii Widerstand xero- 
morpber Strukturen. 



THE SIGNIFICANCE OF REDUCTION IN THE 
SIZE OF LEAVES 

By D. THODAY. 

Reduction in size of leaves is one of those features which have "been regarded 
as adaptations for reducing transpiration. There is enough correlation between 
small-leaved plants and dry situations to have lent colour to the view^ 

But Warming (SB, p. Ill) long ago remarked that the shoots possessing 
piiioid, ericoid or cupressoid leaves "‘are usually extremely rich in leaves.” 
It is surprising that this fact should not have attracted more attention, for 
it is obvious that a sufficiently large number will make up for small size. 

It is not possible on mere inspection to say whether a shoot with many 
small leaves exposes less or more surface than a shoot with fewer large leaves. 
But for inicrophyllous species the estimation of leaf area is in itself a matter 
of difficulty. Often only a rough approximation is possible after considerable 
expenditure of labour. 

Moreover, as soon as a comparison between contrasted types is suggested, 
the question obtrudes itself, what should be the basis of comparison? In 
relation to what quantity is reduction of surface advantageous? 

A basis commonly used is unit fresh weight of leaves. Now the reciprocal 
of surface per unit weight is a rough measure of succulence. For this purpose 
unit weight of contained water might be a better basis (for example, in com- 
paring hard-leaved with soft-leaved plants) though a less convenient one. 
Variations in water content introduce some uncertainty in either case. Shoot 
(or leaf) volume, even if it can be measured accurately, is an ambiguous basis, 
since the proportion occupied by air spaces varies so much. 

If, however, we follow Maximov ( 17 , pp. 251-4) and relegate succulents 
to a class by themselves, the relation of surface to volume loses much of its 
importance. The water reserve in ‘Hrue xerophytes” has been shown to be 
of secondary significance (cf. Delf, 4 , p. 117 ; Thoday, 30, pp. 592-3 ; Kamerling, 
13; etc.). They have to maintain on the average a balance from day to day 
between transpiration and absorption. Three structural factors are of first 
importance in relation to such plants: (1) transpiring surface, (2) absorbing 
surface, (3) the resistances offered to the flow of water from one to the other. 
Any expression for estimating the structural xerophytism of a plant should 
involve all three Transpiring surface would then be measured in relation 
to the capacity of the plant to supply water to it. A practicable first approach 
to this would he to determine the leaf area in terms of unit-conducting capacity 
of the wood of the twig supplying them. 

^ For a fuUer analysis see Huber (11). 
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It was with such coEsiderations in view that in 1919, at my suggestion, 
E. D. Aitkeii undertook at Cape Town a comparison of the shoots of two trees, 
Pifius pinaster^ -with aciciilar leaves, and Lemadmi&ron argeMinim, witli flat 
lanceolate leaves. Both are evergreen. The leaves of the latter, the well-kiiOAVii 
silver tree, wliich is very local on the slopes of Table Mountain, are 7 to 12 cm. 
long hjr 1| to 3 cm. wide and are fairly numerous, clustered towards the ends 
of the branches. The stone pine leaves though longer are less thmi, 2 mm. 
wide. Yet the total leaf surface exposed by twigs of the pine proved to be not 
far short of that of similar twigs of the silver tree. The averages for a number 
of twigs -were respectively 1550 and 1150 sq. cm. per twig^. 

The conductivity of the wmod of the silver tree was greater than that of 
the pine, so that w^hen the ratios of leaf area to conductivity were calculated 
figures of the same order of magnitude were obtained for both, or, in iiicli- 
vidiial cases, much greater ratios for the pine. 

Transpiration experiments also gave much greater rates for pine than 
silver tree. These experiments made with twigs cut some time before use, 
brought ill a vasculum to the laboratory and set up in water with the usual 
precautions, were not regarded as wholly satisfactory. A method was needed 
by "which a closer approximation to the actual transpiration of a twig before 
detachment from the tree could be obtained. Unfortunately Aitken’s de- 
parture brought the work to a premature termination. 

Since then Stocker (27) has estimated the surface area of the foliage of 
ericoid moorland and heath plants and was impressed by their ''ausserordent- 
licli Oberflacheiivergrosserung, die diirch die ausserordeiitlicli grosse Aiizahl, 
wenn auch. Ideiner, Einzelblattchen entsteht,” especially in proportion to their 
root systems. Like Groom for Conifers ( 6 ), he correlates their xeromorphic 
structure with their large surface as complementary phenomena. Huber (10) 
has related transpiration to the conducting capacity of the wood in several 
trees, using Farmer’s conductivity data (5), and has devised a promising 
method for obtaining a close approximation to the transpiration of intact 
twigs (12), He has also estimated, more accurately than Stocker, the surface 
exposed by some piiioid and ericoid types, among others, relative to their 
volume. From these and other researches it has become abundantly clear that 
the idea that small-leaved plants in general expose a small transpiring surface 
will not bear examination, and that, apart from desert succulents, plants with 
xeromorphic foliage are not characterised by a low rate of transpiration, but 
more often by a relatively high rate (Maximov, 17). 

My own observations and experiments and Aitken’s work led me between 
1920 and 1922 to draw attention to certain functional aspects of micropliylly 
(30; 31, pp. 62-3; 29). 

^ Groom (6) estimated tlie total leaf surface of certain Conifers and found it often niiicli greater 
than for dicotyledonous trees of equal age. He based his calculations in part on data provided 
by von HohneL 
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Farmer in 1918 liad demonstrated the correlation between resistance to 
flow of water in the wood and xeromorphy of evergreens (5). It was a natural 
extension from this to expect that structural modifications tending to reduce 
resistances wfithin the leaf itself might be as important for. xerophytes as 
features leading to a reduction of transpiration. 

Measurements made by me on sunflower leaves in 1908 had revealed that 
in dry sunny weather “the leaf shrinks more and sooner, and recovers more 
tardily, towards the tip than it does nearer the base’’ (33, p. 29). Yapp’s 
work on Spiraea (38) showed that the parts of the leaf farthest from the main 
channels of supply were the most vulnerable and the first to shrivel in drought. 
In lobed leaves it is just these more vulnerable parts which are, so to speak, 
omitted. In the extreme cases of dissected leaves with narrow linear or filiform 
segments and of pinoid, ericoid and cupressoid leaves, no part of the mesophyll 
is more than a very short distance from the main channels of supply. The 
reduction of internal resistance is probably far more significant than reduction 
of surface, which is in fact often illusory. Maximov has recently advocated 
the same point of view (17, pp. 386-7). 

Pursuing this line of thought in its application to the internal structure 
of the leaf, the centric type of leaf in which the palisade cells radiate directly 
from the central bundle may be regarded as reducing the resistance within 
the mesophyll itself to a minimum. The importance of this is illustrated by 
the distribution of suction pressure found by Ursprimg and liis collaborators 
in ivy leaves (34, 35), which indicates great resistance to lateral flow through 
the mesophyll. All those arrangements which Haberlandt (7, p. 280 el seq,) 
enumerates under his principle of expeditious translocation should be signi- 
ficant ill this relation also. 

In broad leaves the provision of a central plate of continuous “water 
tissue,” or especially of tracheids, must very materially facilitate lateral spread 
of water from the veins to the bases of the palisade cells or cell rows. It may 
be doubted whether storage of water is in many cases a function of more than 
secondary importance (cf. Thoday, 30, p. 592), or even, in the absence of 
positive experimental evidence, whether it is subserved at all. In a case 
investigated by Miss S. G-arabedian, that of Mlimetes lyrigera^ in which a 
group of so-called water-storage tracheids occurs near the tip of the leaf, no 
evidence could be obtained of the tracheids giving up their water, even when 
the water content of the leaf ivas reduced to a dangerously low level such as 
is rarely if ever reached in nature^. The conducting function of such tissues 

^ It is obviously necessary to draw a distinction between water storage and mere retention 
of water. Vacuolated cells retain water; in proportion to the extensibility of their walls they 
may store it. Thus all the living cells of succulent plants store water, more or less. Storage 
capacity is increased if the ceils are capable of withstanding without injury the crumpling or 
folding of their -walls. (Where, as in so many leaf succulents, MtseriihryanAlmmim- spp., etc., the 
old leaves shrivel completely, the whole of their water of course becomes available to the younger 
leaves; but the yielding of water is in this case irreversible. Of.. Delf,4:f p. 116.) The bellows-like 

20-2 
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is recognised in the lea, yes of Gymiiosperms by the term ‘hiecessoiy traiis- 
fiisioii tissue.” This teriii might usefully be applied in other eases also. 

There is another effect of microphylly which may be of some ecological 
and physiological significance. Small, narrow leaves are not aggregated into 
a continuous leaf mosaic. Light penetrates between them, directly or rtdlecded. 
from their rounded surfaces, and a proportion of it reaches leav(\s l)ch)W lui- 
filtered of photosyiitlietically active rays (31, p. 62: 32, p. 21)2)1 A greater 

character ei the (*e]i of specialised water-stora.ge tissues, as figured hy Haberlandt in tlie 
leaves of Pepcroiiuu (richnvdrixi (7, p. 4.01, Fig. lo9) and easily demonstrable in the Soiit.I.i African 
species P, rduscir, grcatfy extends the range of storage volume. These tissues yield water to the 
piiotosyiithetic tissues. This ability to yield wa..ter to other tissues with more tinportaiit functions 
entitles them to be regarded as water-storage tissues jiar excdlmce, 

Tracheids, on tlie other hand, do not expand and contract osmotiealiy, tliough if thin walled 
they might perhaps collapse reversibly under cohesion tension. Only by observations riiid ex- 
periments on living material can we determine how the tracheids behave during drought: but not 
for more than one or two cases is any evidence available. The positive observations of Kny and 
Zimmermann (14) on Nepenthes leaves and of Rothert (20) on the scattered t raeheids in the pith 
of Ceplhtlofuxiiii huaiana twigs can be placed against our negative result for Mhtiehx., With 
regard to XepeHlhes phyUcmiphm'a in wliich the long ‘'spiral cells” were observed to be full of 
water in the turgid leaf and to become emptied as it loses water, Kny and Zimmermann eonciiide 
that these elements serve “fiir eiiie Speicherung und mbgUchst glekhmmsige Verthdhntg dcs 
lliessoi an das Assmnlatiunsgewebe” (italics mine). 

As ieg«n*ds the lesives of Smith African sclerophylls, should tracheids be emptied of water, it 
is dillitult* to conceive of tliein ever being filled again, as long as the dry season lasts; nor could 
the vtfliime of water they contain be of real signiticanee in relation to the seasonal transpiration. 

It is worth notice that Kny and Zimmermann and also E . Heinricher (8), who appears to 
have been the first to use the term ‘SSpeicher-Traeheklcii,” associate fogctiior sioragt' and dis- 
tribution : e.g. Heinricber, “ welche einerseits f iir die rasche Zufuhr, andei'seits fiu’ die Spiuciieriing 
des Wassers bestiinmt simr’ (note also the title of his paper). Similarly Sebeit (22) thinks of 
the transfusion tracheids in CTyinnosperm leaves as both storing water and extending the surface 
of contact lietween the conducting and assimilating tissues. 

^ Data on the reflection of light are rather meagre. It is clear from a eomparison of green 
and golden or chlorotic leaves that much of the light is reflected after penetration from internal 
surfaces and, in the case of the green leaf, filtered by chlorophyll. The most recent data, those 
of Sbull (24), refer only to the amount of light reflected perpendicularly by a horizontal leaf surface 
when uniformly and diffusely illuminated from all directions, as from the whole sky. For the 
upper surface of ordinary mature green leaves his figures vary from 3*5 to about 10 per cent, at 
A 6800 (for green light the values were of course higher) relative to the amount reflected under 
like conditions by a mat white surface (of magnesia). Pokrowski (18) obtained similar figures 
£«• 90° incidence. Coblenz (3), on the other hand, though he obtained low values fo?* the re- 
flectivity of leaves at 45° incidence compared with a plane mirror, yet wdion .he used a.p])aratus 
which integrated the diffuse reflection of light incident 1)0° on the surface oblnimal at A 6000 
values varying from 22 to 27 per cent, of the incident energy. (Shull has, I t hink, misunderstood 
Coblenz’s very brief particulars and confused the conditions of two sets of observations iiiade by 
him wdth different apparatus.) At smaller angles of incidence the proportion of light reflected 
would be still greater. According to Coblenz {lx.) the blackest deposit of soot, deposited on a 
metal plate from an acetylene flame, “viewed at grazing emergence has the appearance of a 
highly polished mirror of faiifly high reflecting power.” Shull’s data illustrate the higher reflection 
from paler green leaves, from the under surface of most leaves, and especially from a canesceiit 
surface: the under surface of the leaf of Populus alba reflected half as much as the magnesium 
oxide surface used for copiparison. 
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deptli of foliage is therefore effectively illuminated, and it seems likely that 
the light may be utilised more fully and economically than by plants which 
interpose a continuous layer of foliage. Such a layer, as experiments by 
Willstatter and Stoll (37, p. 127) have shown, may diminish the pliotosyii- 
tlietic power of the light to very low proportions, yet a large part of the light 
absorbed cannot be used productively because of the low percentage of carbon 
dioxide in the atmosphere. The more direct sunlight is diffused and distributed, 
the larger the proportion likely to be utilised in photosynthesis. It would be 
interesting to compare the productivity of plants of the two types to see 
whether the microphyllous plant can accumulate more dry matter in relation to 
the gross amount of light intercepted. From this point of view the total leaf area 
might be expressed in terms of the gross area of shadow cast hy the plant. 

There is an analogous contrast in Sonth Africa, between the dark green 
leaves of the forest and the lighter green leaves of the open veld : the former with 
palisade tissue of narrow cells usually confined to the upper side of the leaf, the 
latter thicker, often more or less vertically placed, with deep palisade tissue on 
both sides of the leaf, mostly of wider cells. These cells are relatively transparent, 
allowing a proportion of the light to penetrate, diffused but qualitatively little 
altered, to deeper layers of tissue within the leaf (cf , 25, p. 127). There can be no 
doubt that narrowness of the palisade cells diininislies not only the amount 
of light that is reff.ected out of the leaf but also its penetration into the leaf. 

Thus the plants wdth wider-celled, deeper palisade tissue probably secure 
the effective illumination of a large volume of cells with a larger absorbing 
surface. The extent of the internal surface is of considerable importance since 
the greater part of the resistance to diffusion is located there, gaseous diffusion 
being relatively rapidd. Moreover in heliophilous plants the entry of carbon 

1 Brown and Escombe (2, p. 277) calculated for Helianthus annuus from Sadis’ liighest figure 
for tlie rate of increase in dry weight that the concentration of carbon dioxide only falls 5 or 
6 per cent, from the atmospheric air to the respiratory cavities during maximal assimilation in the 
open air. If a greater internal surface were to be supplied through the same epidermis, the 
concentration of carbon dioxide in the air bathing the internal surface would not be reduced in 
proportion to the increased extent of that surface unless the air spaces offered a resistance to 
diffusion of the same order of magnitude as that offered by walls and protoplasm, which is far 
from being the case: cf. the calculations made by Schroeder (23) and also by Romell (19) who, 
applying Bohr’s work on the resistance to invasion at a w-ater-air surface, calculates that the 
partial pressure of carbon dioxide falls, in an ivy leaf, between the respiratory cavity and the 
upper epidermis, at most by about 7 per cent. Schroeder’s corresponding figure, which Romell 
criticises, was about 19 per cent. 

Romell’s calculations, if sound, lend additional support to Lundegardh's emphasis of the ratio 
between cell surface and the mass of chloroplasts to he supplied (15). He found that sun plants 
gave a higher ratio than shade plants, i.e. their chloroplasts were not as densely aggregated. This 
feature -will also mean that a larger proportion of the light wall pass between the chloroplasts, 
hence less thorough filtering and greater transparency. 

It may be suggested, in passing, that Lundegardh’s assimilation curves for sun leaves and 
perhaps also for shade leaves may he affected by variations in distribution of carbon dioxide 
and light within the leaf. It is conceivable that under some conditions carbon dioxide might be 
limiting in the upper layers and light intensity in lower layers of a leaf ,iy.liiiiiiiiated only from above. 
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dioxide is often facilitated "by a relatively high stomatal frecjw^ncy. iSoine 
experimental data on comparative rates of pliotosynthesis appear to siij)port 
this vieWj hut data directly applicable are meagre and such as they art* require 
further analysis (see Stiles, 26, pp. 139-40). 

The relative transhicency of microphylloiis foliage, while it may eiial)le 
the plant to use a larger proportion of the incident energy in plioto.s\mtln‘sis, 
has the consequence that the plant does not throw a dense shadow and is less 
effective in the struggle for light. Microphyllous plants a,.re as a rule light- 
demanding plants and sncciimb in competition with forest types if the nioistiire 
conditions are sufficiently favourable. These absorb in the shade a maxiiiiiiiii 
proportion of the light that reaches them, at a minimum expenditure of con- 
structional material. Later they keep the light from others which may well 
be capable of using it more prodnctively. 

Depaetment op Bopaky, 

Univeesity College op Noeth Wales, 
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THE PLANT COMMUNITIES OF TABLE MOUNTAIN 
II. LIFE-FORM DOMINANCE AND SUCCESSION 
By R. S. ADAMSON. 

The general features of the plant communities of Table Mountain have been 
described in a previous paper (l)^, where the outlines of their stnictiire and 
their relations have been traced. 

These coinmunities are characterised by large and varied populations and 
generally by a striking absence of dominant species and of species of decided 
social habit. The lack of dominants is seen both in serai comniiiiiities and 
often in the climax. While there are a few communities here which exhibit 
true dominance of one or a few species these are quite the exception^ the 
majority having a mixed population. In spite, however, of the absence of 
dominance these communities have a definite physiognomy and can be readily 
distinguished from one another in the field, though the ordinary canons of 
description are not readily applied. 

Since the floristic composition of a community must ultimately be its 
most important characteristic (cf. 6, 5, 7) an investigation was made with 
a view to finding some explanation of the apparent variability of tlie floras. 

For special investigation a number of communities were selected on the 
north- and west-facing slopes of Table Mountain at an altitude of :)i)0 in. 
(1000-1200 ft.). Communities from other parts were investigated for coin- 
parison and the results have been tested on a large number of examples 
scattered over a wide area. The selected communities were on a granite slope 
more or less covered by sandstone talus. The area taken for detailed study 
was restricted at first in order to limit the nnmher of variable factors and to 
allow a readier comparison of different stages in succession, A study by purely 
statistical methods was made but did not give results that seemed to afl’ord 
any clue to the peculiarities of these communities (cf. 2, 3, 5, 11, 19) and a 
broader basis of study was therefore employed. 

The general method used was that of sample quadrats (20). A number of 
these were taken in a limited area of a definite comimmity. In most cases the 
samples were scattered at random, but in some examples a definite plan was 
followed, the quadrats being arranged along straight lines. The results, how^- 
ever, did not show significant differences. 

In the majority of cases quadrats 1 m. square were used, but for stages 
near the climax, where large shrubs are present, the size was increased to 2 m. 

^ Number^ in brackets refer to the list of literature at the end. 
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111 the first cases examined fifty quadrats were employed, hut owing to the 
amount of time and labour involved this was later reduced to twenty -five for 
each community. While some of the numerical features are obscured by the 
smaller number of samples, the general features seem equally well brought out 
(cf. 17, 24). 

Frequency, This method brought out very clearly the rather large popula- 
tion and the uneven nature of the species distribution. The distribution or 
frequency was taken as a percentage and the results grouped in five divisions, 
1-20, 21-40, 41-60, 61-80 and 81-100. These can be labelled k, B, G, D and E 
respectively for convenience (12, 14, 15). The results are found to show very 
small numbers for the higher groups and in most cases to fall from A to E 
with no rise in the highest set. 

The following table gives some illustrative examples. {Note. In this and 
all subsequent tables percentages are given to the nearest whole number.) 

Table I. 


rrequency (%) 
^ 


No. of 

Total 

No. of 

Species per 

r 


• -'V 

D 

^ 

sample 

species 

quadrats 

quadrat 

A 

B 

C 

E 

2 

96 

50 

11 

75 

16 

6 

1 

1 

14 

63 

25 

16 

60 

17 

11 

6 

■5 

6 

98 

50 

18 

68 

16 

7 

7 

1 

11 

86 

25 

15 

61 

26 

6 

6 

1 

17 

88 

50 

14 

79 

9 

4 

7 

0 

9 

44 

25 

14 

47 

16 

18 

9 

9 


In the above table Nos. 2, 14 and 6 were on sandstone talus on the north 
slope. No. 2 was very near the climax, No. 14 an earlier phase and No. 6 a com- 
munit)^ two years after destruction by fire. Nos. 11 and 17 were on a granite soil 
on the western slope, 17 was near the climax and 11 an early regeneration stage. 
No. 9 is a community from the plateau at 670 m. (2200 ft.) and is introduced for 
comparison. This plateau community exhibits, in its frequency distribution, 
features more like those in other regions (cf. 15, 24). 

These figures may easily be objected to on the ground that, with such 
extensive and unevenly distributed populations, the results will be influenced 
by the size and number of the samples and by other factors (cf. 2, 3, 12, 17, 
19, etc.). 

While it is not intended to lay any stress on these figures, some checks 
were made to test the degree of accuracy of the apparent representations (11). 
For example, in some communities fifty sample quadrats were made ; of these 
twenty-five w'ere scattered at random, and twenty-five were arranged equally 
spaced on straight lines. The figures for each set of twenty-five were calcu- 
lated separately as well as those for the whole fifty. Further, the sample 
quadrats were grouped in pairs giving twenty-five samples of double the area. 
As would be expected, this grouping of the quadrats alters the frequency 
values, the numbers being raised in the higher groups. ^ 
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Table II gives tie results obtained by this treatment in two cases. In 
eacli A represents the twenty-five scattered quadrats and B tlie twenty-five 
in line. 


Table 11. 


Frequency (%) 



No. of 

Total 

r 


A 

;d 

List 

quadrats 

species 

A 

B 

0 

18 

50 

93 

67 

16 

10 

4 

18 A 

25 

86 

64 

16 

12 

5 

18 B 

■ 25 

75 

63 

17 

15 

4 

18 

25 

(double) 

93 

58 

14 

12 

8 

17 

50 

88 

79 

9 

4 

7 

17 A 

25 

78 

73 

12 

9 

5 

17 B 

25 

69 

75 

9 

7 

9 

17 

25 

(double) 

88 

65 

17 

4 

7 


E 

2 

2 

i 

7 

0 

0 

0 

7 


An examination of the figures so obtained shows a good degree of con- 
sistency for 1 m. quadrats, but a decided alteration when the size is doubled. 
Investigations have not been pursued on the effect of still further altering the 
size of the sample, as it was felt that these frequency figures by themselves 
were not giving results of a value at all compatible with the time and labour 
needed when dealing with this type of community. The agreement that is 
shown between the findings from twenty-five and from fifty quadrat<s was 
considered sufficiently close to enable the smaller number to be regarded as 
sufficiently adequate for sampling. As the scattered quadrats coiitained a 
larger number of species this arrangement was generally followed. 

Apart from the size of the quadrat the results were found to vary con- 
siderably with the season at which the examination was made. These com- 
munities contain a considerable percentage of Geophytes and other plants 
with a short active season in the spring ( 1 ). The inclusion or exclusion of these 
plants has a noticeable effect on the distribution of the frequency classes. 
One example will be sufficient to illustrate this. In this example the lists were 
made in September and in January: 

Total ABODE 

September 90 61 23 8 8 1 

January 64 70 14 8 6 1 


Since these temporarily active plants are rather numerous and as the 
figures show that most of them are not uniformly distributed, it was decided 
to take all the examples for comparative purposes in summer or winter and 
so to avoid the increased complication. 

In any case the distribution of the frequency classes must be taken along 
with a consideration of the species composing them if real information is to 
be obtained. In many of these communities it is found that the species with 
the highest frequency indices are not those that would on other grounds be 
looked upon as most important in the community. To illustrate this the list 
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of those with an index of SO or over (Class E) in the examples given in Table I 

is given below : 

Sample 2. Cassytlia ciliolata, a parasite. 

5 , 14. Cassytlia ciliolata. 

Metalasia diver gens ^ a small iindersliriib. 

Adenandra uniflora, a slinib with, single shoots, 

,, 6. Metalasia diver gens, a small unclerslinib. 

„ 11. Euryops abrotanifolius, an iinbranched shrub. 

,, 17. None. 

Not one of these plants could be looked upon as a species that determines 
the character of the community. These are only a few selected examples, but 
similar results have been found in the majority of the communities examined. 
In other words the species that give the distinctive features to the community 
are not those most generally distributed throughout its area. 

A study of the frequency indices along with the numbers of individuals 
in the sample quadrats failed to show any local aggregations or grouping of 
species nor any clear cases of direct association of difierent species. There was 
nothing to indicate that the community was made up of a number of smaller 
assemblages either grouped or scattered through the whole area (cf. 8). 

Constancy. The problem of constancy'’ and of "hxcliisiveness" of the 
species ( 6 , 5 , 4 , 8 , 19 , 21 , etc.), has not been investigated to any extent and 
no attempt has been made to find the “minimum area” of the communities 
(5, 8, etc.). With communities possessing these large and varied populations 
such investigation would necessitate the examination of a large number of 
samples of different sizes. Further, the communities here form a mosaic of 
stages of regeneration after fire (1) and climax communities are rare, so that 
comparisons between really corresponding stages are by no means easy to make. 

Areal percentage. The sample quadrats have been employed for the deter- 
mination of the areal percentages (cf. 20), For this only species covering 
(0*03125) or more of the sample quadrat ‘were given a value. "With this plan 
some rather striking figures were obtained, and these bring out even more 
clearly than do the frequency indices the uneven nature of the fioristic distri- 
bution. The values of the areal percentages are very small. Out of fifteen 
communities studied six had no species showing a value of more than 10. In 
all together the maximum value was 24, which is by no means a high figure 
wheii compared with the more uniform communities of other regions (cf. 24). 

Life forms. The species were divided into life-form groups according to the 
system of Eaunkiaer (10, 23) which has the advantages of simplicity and is 
now very generally used. In classifying the plants an arbitrary distinction 
was made between micro- and nano-phanerophytes rather different from that 
used by the original author of the scheme. The two were separated in ac- 
cordance with the layers in the community. There i.^ a definite stratum of 
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plants about 0*25 to 0*75 in. in lieigbt wliicli wexe treated as iiaiiopliaiiero- 
pbyteSj while plants distinctly taller and forming an upper stratum were put 
in the other group. 

Spectra based on these life forms have been given previously (1), but do 
not yield much information for the present problem. It was found necessary 
to subdivide the life-form groups, and again the system of Eaiiiilviaer (10) 
was followed. This subdivision into leaf-size classes applies well to the pliaiiero- 
phytes and chainaephytes but does not take into account the hemicryptopliytes 
and especially the Monocotyledons in this group. As Monocotyledons often 
play an important part in these communities an extension of the scheme of 
classes was made to cover some of the hemicryptophytes. In these com- 
mnnities the most important were plants with erect more or less leafless 
assimilating stems on the one hand, and on the other more or less tufted 
plants of grass habit. In taking these two as classes no systematic basis is 
used. The grass type includes many Cyperaceae and excludes such a true 
grass as Ehrlimia apiyUa. The assimilating stem type was made to include 
plants with very stiff erect leaves, e.g. several species of Tetmria, It includes 
the great majority of the Restionaceae. 

Analysis of communities. While an analysis of a community on the basis 
of these life-form leaf-size classes involves a large number of divisions, no 
simpler plan seemed to work with the large varied populations. An actual 
example will serve to illustrate the features that seem to invite attention. 
The example selected is a community approaching the climax. It was on a 
granite soil, with some sandstone debris, on the west side of the mountain. 
The community was stratified: the uppermost stratum, composed of Protea 
lepidocarpodendfon, was by no means continuous. The bushes w'ere scattered 
all through and only occasionally formed groups. Between and below them 
w^as a lower stratum of shrubs and Monocotyledons, with still smaller plants 
forming an incomplete third layer. 



Table III. 

List No, 18. 

88 species. 




Species 


Frequency 



Average 



per 

Areal 

Quadrats 

number per 


o 

/o 

Frequency species 

percentage 

0/’ 

/o 

quadrat 

M. mic. 

1 

60 

60 

14*175 " 

60 

' 0*6 

N. nano. 

7 

36 

6 

0*437 

32 

0*3 

N. lepto. 

15 

250 

19 

9*0 

100 

2*4 

N. cpd. 

2 

18 

9 

0*375 

18 

0*1 

Ch. mic. 

1 

2 

2 

— 

2 

0*02 

Ch. nano. 

6 

60 

12 

0*187 

44 

0*5 

Ch. lepto. 

12 

106 

10 

0*5 

74 

1*1 

Ch. cpd. 

1 

28 

28 

— 

26 

0*2 

H. as. st. 

9 

286 

36 

6*875 

100 

2*8 

H. gr. 

10 

200 

22 

0*93 

98 

2*0 

Others 

35 

348 

11 

2*5 

100 

3*5 


M. inie.=microplianerophyta micropliylla: N. nano., N. lepto., N. cpd. =iiaiioplianeropiiyta 
nanopliylla, leptopliylla, and with compound leaves; Ch. mic., Oh. nano,, CIi. lepto., Cli. cpd. = 
chamaepliyta micropliylla, nanopliylla, leptophylla, and with compound leaves; H. as. st., 
H. gr. = hemicryptophyta wi^h assimilating stems, and with “grass habit.” 
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This table brings out a number of points. The microphaiierophytes are 
represented by a single species which shows an approach to dominance with 
a relatively high frequency index and a larger areal percentage than any of 
the other classes. This is an almost normal arrangement. It is in some of the 
other classes that the special features are seen. Of these only those with the 
larger values for the frequency index and areal percentage need be considered 
ill detail, namely N. nano., N. lepto., Cli. lepto., H. as. sL and H, gr. classes. 
Of these the N. nano., OJi. lepto. and H. gr. classes appear at once as of less 
importance owing to the very low values for the areal percentages as compared 
with the others. 

The N. lepto. and H. as. st. classes both have an appreciable areal per- 
centage and a high total frequency value. Further, each class is represented 
in every quadrat, that is, the class has a frequency index of 100. The classes, 
however, are composed of a number of species, thirteen N. lepto. and eight 
H. as. St., and the individual species have a much smaller frequency index 
and quite small areal percentages. 

The class as a whole appears to form a definite part of the community 
structure though the individuals composing it are not grouped in any definite 
manner. The component species in the class seem, to be interchangeable and 
able to replace one another without altering the characteristics of the com- 
munity as a whole. 

The species in such a class which exhibit this interchangeability are not 
necessarily allied systematically (cf. 8). In this case the members of the two 
classes are as follows : 


N. Ufto. 


R. as. st. 


COMPOSITAB : Metalasia 

1 sp. 

Gyperaceae : Tetraria 

2 

Stoebe 

1 „ 

Gramiyeae : Elirliarta 

1 

Ericaceae : Erica 

3 ,, 

Restioxaceae : Leptocarpus 

1 

POLYGALACBAE : Muraltia 

1 „ 

Restio 

2 

Rhamxaceab : Phylica 

2 

Thamnochortus 

1 

Rosaceae : Cliff ortia 

1 ” 

Willdenowia 

1 

RtiBiACEAE : iVnthospermum 

1 » 



Rutageae : Diosma 

1 » 



Thymelaeacbae : Passerina 

1 „ 



Struthiola 

1 ,, 




This is just one example which shows characteristics that can be seen 
equally well or even better in many others and especially in those com- 
munities from the earlier stages of development. 

In the communities on the exposed slopes of Table Mountain the climax 
has an upper stratum made up of one or a very limited number of species. 
It is in the lower strata that the great variety and this ecological inter- 
changeability is apparent. In the earlier stages of the sere, before the 
uppermost stratum is formed, the interchangeability seems a more general 
feature. 

Serai communities. Table IV gives the analysis of three serai com- 
munities. 
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Table IV. 



Totals 

% Frequency 

Frequency 
per species 

Areal 

percentage 

M. mic. 

3 

List 14. 

5 

68 

23 

8*625 

N. nano. 

3 

5 

136 

45 

1*0 

N. lepto. 

12 

19 

184 

15 

3*625 

N. cpd. 

1 

2 

12 

12 

— 

Oil. mic. 

— 

— 

— 

— 

— .. 

Ch. nano. 

4 

6 

40 

10 

2*375 

Ch. iepto. 

12 

19 

360 

30 

7*75 

Ch. cpd. 

— 

— 

■ — 

— 

— . 

H. as. st. 

8 

13 

428 

53 

19*625 

H. gr. 

6 

9 

128 

21 

0*25 

Others 

14 

22 

216 

15 


M. mic. 

2 

List 8. 

3 

6 

6 

0*25 

N. nano. 

7 

10 

276 

39 

5*25 

N. lepto. 

11 

15 

280 

25 

5*87 

N. cpd. 

Ch. mic. 

.. 1 

1 

64 

64 

0*25 

1 

1 

16 

16 

0*25 

Ch. nano. 

8 

11 

144 

18 

6*0 

Ch. iepto. 

8 

11 

412 

51 

6*37 

Ch. cpd. 

4 

5 

100 

25 

, — . 

H. as. st. 

8 

11 

196 

24 

6*625 

H, gr. 

7 

10 

212 

30 

2*87 

Others 

15 

21 

220 

15 

0*5 

M. mic. 

2 

List 17. 

2 

8 

4 


N. nano. 

7 

8 

152 

22 

1*42 

N. lepto. 

12 

13 

204 

17 

3*15 

N. cpd. 

1 

1 

38 

38 

— 

Ch. mic. 

1 

1 

32 

32 

1*37 

Ch. nano. 

7 

8 

132 

19 

1*62 

Ch. lepto. 

14 

15 

222 

16 

0*12 

Ch. cpd. 

1 

1 

34 

34 

— 

H. as. st. 

11 

12 

324 

29 

28*22 

H. gr. 

16 

17 

410 

26 

7-75 

Others 

21 

22 

252 

12 

2*06 


Of these three comnmnities 14 and 8 belong to the same sere. They are 
also closely allied to the one analysed above. Both of these were on the north 
slope of the mountain on a soil with a considerable amount of sandstone debris. 
14 is a more advanced stage though definitely further from the climax than 
18 which was discussed above. In 14 the plants that will ultimately form the 
uppermost stratum are present but are of small size and do not yet in any 
way dominate the other bushes. 8 is an earlier phase, a stage in regeneration 
after a fire about three years previously. This community is scarcely stratified. 

Table IV shows a number of interesting points. As compared with the 
previous list, 14 is a simpler community, as is shown by the less abiiiidaiice 
of microplianerophytes. In the lower strata here there is a decided pre- 
dominance of the H, as, st, class with eight species and a high average fre- 
quency and areal percentage. Of these eight species six are members of the 
Restionaceae and the other two are Cyperaceae. One or other of the plants 
occurs in every qiiadrat_^ though no individual has a frequency index over 76. 
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Along witli these the Oh. lepto. class is the most prominent and exhibits similar 
features. These two classes and the N. lepto. class show an interchangeability 
of species. 

xAs compared with the previous list the earlier stage of development and 
the more exposed situation are shown by the greater prominence of the smaller 
plants. 

List 8 is a much earlier phase in the sere, a one-layered community, which 
shows a marked variability of flora from plot to plot. The life-form classes 
are more evenly distributed in numbers, in frequency indices, and in areal 
percentages. A larger number of classes show interchangeability, N. nano., 
N. 1627(0., Oh. nano., and H. as. st. The greater variety of life form, no one class 
of which is definitely of more importance than others in the community, is a 
character of the earlier regeneration phases on these talus slopes. As suc- 
cession proceeds certain classes become predominant, as was noticed in the 
other list. 

The third community analysed in the table belongs to a quite separate 
sere. It is a regeneration stage after fire, two years previously, on the sand- 
stone on a steep slope. The type of community is very characteristic for such 
soils and situations. The soil here is very poor in humus. In this community 
the H. as. st. class is much the most important. It has a much higher areal 
percentage than any of the others. This class shows the features of inter- 
changeability very well. While the class is present in every quadrat the con- 
stituent species have neither high values for frequency index nor areal per- 
centage. The most important are : 

Frequency Areal percentage 


Bestio cuspidatus 
Bestio filiformis 
Tliamnochortus dichotomns 
Til. cernims 
Elegia Juncea 
Leptocarpus incurvatus 


98 

10-68 

66 

7-18 

46 

2-85 

28 

2-31 

28 

2-06 

14 

0-37 


Of these Restio cuspidatus often occurs in the form of isolated shoots. 

This kind of community, which is practically dominated by a number of 
Restionaceous plants, is exceedingly characteristic of poor sandy soils where 
fires have been frequent. With recurrent fires it may be apparently stabilised, 
but if left undisturbed other life-form classes gradually assume increasing 
importance. 

Life-form dominance. Some of the results that can be drawn from these 
analyses may now be considered. The interchangeability of species of a life- 
form class, which is apparent in varjdng degree in all of them, may best be 
taken as an expression of what may be termed ^dife-form dominance.’’ Instead 
of one or a limited number of species being dominant, one or more life-form 
classes play the same part in the community, even though these classes are 
composed of a number of species which are not of necessity related taxonomi- 
cally. This life-form dominance may be confined to a^siiigle life-form class. 



312 ' The Plant O omniunities -of Table Mowntain 

but in these coiiimiiiiities it is more often seen in a number of (3lasses wiiich 
togetlier characterise the community. 

As compared with species dominance, life-form dominance leads to more 
varied commiiiiities from the floristic standpoint and to less definitely fixed 
populations. In succession the passage from one stage to the next is not at 
all necessarily associated with a change in the dominant life form (cf. 25). 
The change often occurs through regroupings of the important classes: and 
a series of stages, each distinct in itself, may have the same general distri- 
bution of life forms. Again life-form dominance may at aiij^ stage pass into 
species dominance when one member of a class increases at the expense of 
the others. 

Succession. Some examples may be given in illustration of some of these 
points. The following table show-s two analyses from the same coiiimiinity, 
taken at an interval of two-and-a-half years. The coinmiinity was one in 
course of regeneration after fire. The fire occurred three years before the first 
examination. 

Table V. 




No. 8. 

Nov. 1927 



o 

6 

. Jlay 1030. 




Fre- 




Fre- 





qurncy 

Areal 



queiicy 

Areal 




per 

per- 



per 

per- 


Totals 

o/ 

/o 

species 

centage 

Totals 

O' 

iO 

species 

ceiitagf 

M. mic. 

2 

3 

6 

0-25 

1 

1 

12 

— 

N. nano. 

7 

10 

39 

5-25 

9 

14 

27 

2-87 

N. lento. 

11 

15 

25 

5*87 

10 

15 

20 

5*75 

N. cpd. 

1 

1 

64 

0-25 

2 

3 

24 

— 

Ch. iiiic. 

1 

1 

16 

0-25 

1 

1 

4 

— 

Oh. nano. 

8 

11 

18 

6-0 

7 

11 

24 

10*175 

Gh. lepto. 

8 

11 

51 

6-37 

8 

12 

30 

7*75 

Ch, cpd. 

4 

5 

25 

— 

4 

6 

19 

— 

H. as. st. 

8 

11 

24 

6-25 

6 

9 

43 

10*62 

H. gr. 

7 

10 

30 

2-87 

6 

9 

28 

0*5 

Others 

15 

21 

15 

0*5 

12 

18 

20 

0*5 


Of these twm lists the first shows the features already noted as characteristic 
of the earlier stages of regeneration; a number of the life-form classes are of 
about equal importance, and all these show interchangeabilit 3 X In the later 
stage several differences are to he seen. These are not all, however, of the same 
importance. 

The most marked and noteworthy are in the Gh. nano, and H. as. st. 
classes, smaller changes occur in N. nano,^ Oh, lepto. and H. gr. classes. The 
last of these is probably not significant, being due to the diflerence of season 
at which the lists were made. The slight decrease in the N. nano, class is due 
to the fact that several of these sprout from the base after fire (e.g. Bm/ena 
glabra, Montinia acris) and spread over a considerable area: later they become 
restricted in area rather than in frequency. The decrease in the frequency of 
the Oh, lepto. class is a characteristic of the development of the sere. The slight 
increase in the areal percentage in this class is almost wholly due to one 
species, Metalasia div^rgens, which has increased from 5*12 to 7*62. 
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The changes in the Oh. nano, and H. as. st. classes are^ however, of much 
greater importance. In the former the increase is almost wholly in areal per- 
centage; the number of species and the frequency index are the same in the 
two. The increased areal percentage is the result of the rapid spread of one 
species, Heliptermn gnafhaloides, which has an increase in areal percentage of 
5*5 to 16-0. The increase of this species is purely temporary. At the time 
of the second of the two examinations many of the plants were becoming 
straggling and already showing signs of having attained the limit of their 
activity. In all probability in another two years the amount of this species 
will be greatly reduced. The increase is a specific one and not a case of life- 
form dominance. 

On the other hand, the H. as. st. class shows different features. The fre- 
quency index is much higher in the later stage and the areal percentage has 
increased by over 50 per cent: The total areal percentage of 10*6 is the sum 
of those of 6 species, only 1 of which has a figure exceeding 2-5. Almost all 
these species show a distinct increase as compared with the earlier stage. The 
component species of the class have lo'w areal percentages and often rather 
low frequency indices but together they form an important part of the com- 
munity, and, as a class, are present in every quadrat. This is a good case of life- 
form dominance with interchangeability. The actual figures for the species are : 


1927 1930 

A A 


Elegia jiincea 

Frequency 

8 

Areal 

percentage 

0-25 

Areal 

Frequency percentage 
Not recorded 

Restio ciispidatiis 

60 

— 

44 

0-125 

R. ferriiginosiis 

12 

0*25 

Not recorded 

R. fiUformis 

48 

1-0 

80 

4-5 

Tetraria eompar 

20 

1-375 

24 

0-75 

T. iistulata 

12 

2-5 

24 

2-5 

Thainnochortus dicliotomus 

12 

0-5 

30 

1-875 

Willdenowia striata 

24 

0-25 

56 

0-S75 


The comparison of these two stages in succession is sufficient to indicate 
that life-form dominance and interchangeability are not of universal occur- 
rence. Under certain circumstances individual species may increase ver)^ 
greatly or even attain dominance. This gives a wide scope for local variations 
in the seres : advance may be caused by a life-form class or by a single member 
of it. Where one species of a class which comprises a number shows this sort 
of increase the mere arithmetical tabulation of the classes may quite obscure 
the true state of affairs. An example of this may be seen in some of the 
communities on clay soils derived from the granite. On such soils after fires 
the rheiiosterbush (Elytmpappus rhinocerotis) may attain true dominance. It 
forms, however, a temporary though prolonged stage, and gives way ulti- 
mately to other eiicoid bushes. The following figures give the more numerous 
classes in an analysis of such a community in which the rhenosterbush is in 
course of being overcome. 

Joum. of Ecology XIX 
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Table VI. 


Totals 

Frequency 

Frequency per species 
Areal percentage 


N. nmio. 

N, lepto. 

Ch. nano. 

H. as. st. 

H, gr. 

2 

10 

4 

5 

4 

180 

315 

55 

95 

65 

90 

31 

14 

19 

16 

1-87 

45-46 

1-4 

1*87 

0-37 


III this comniuiiity tlie xV. le^pto. class is evidently very miicli tlie most 
important. It contains more species than the others, has a high frequency 
index, and a large areal percentage. The figures might he taken as clearly 
indicating interchangeability, but a more careful examination shows quite 
other features. Firstly in this class three species account for practically the 
whole of the areal percentage of the .class: Erica i/mhrimta 29- 3, Blaeria 
ericoides 8*7, and Elytro^mppus rhinocerotis 5*78. Of these three Erica and 
Blaeria act together, but they are competing with Elytropappus for dominance 
and ill this example have together very nearly overcome it. Here the two 
stages succeeding one another in the sere are characterised by species of the 
same life-form class (cf. 25) and in each there is species dominance of the 
ordinary kind. Such cases are the exception in this region. 


Plaieaii community » 

Life-form dominance is not confined to the communities of the lower slopes. 
It also characterises those on the plateau. It wtis noted above that in these 
the distribution of the frequency classes was more of the expected kind. In 
the plateau communities the number of life-form classes which exhibit inter- 
changeability is smaller as a, rule. 

The following table is based on a community on the lower plateau at an 
altitude of 670 m, (2200 ft.), on level ground wdth a humus soil. The comimmity 
is a stage in the regeneration after fire, three years before. 


Table VII. HemicryptopJiytic community on lower plcdeau. 



Totals 

o/ 

/o 

Frequency 

Frequency 
per species 

Areal 

percentage 

XT. nano. 

1 

2 

8 

8 

0-25 

X". lepto. 

7 

16 

304 

43 

4-5 

XT. cpd. 

1 

2 

4 

4 

— 

Clh. mic. 

1 

2 

12 

12 

— 

Cli. nano. 

i 

2 

4 

4 



Cli. lepto. 

4 

9 

140 

35 

1-25 

CIi. cpd. 

2 

4 

88 

44 

0-75 

H, as. st. 

5 

11 

300 

60 

38-5 

B;. gr. 

7 

16 

212 

30 

14-75 

Otliers 

15 

34 

344 

23 

3-75 


These figures show that this is essentially a henxicryptopliytic comiiiiinity. 
Ill it the H. as, st., H, gr, and to a less extent the N, lepto, classes show the 
interchangeability resulting from life-form dominance. Each class is com- 
posed of several species wdiich have small areal percentages. The iiimibers of 
species for which an individual areal percentage was assigned wxas H, as, st, 5, 
H, gr. 5, and iV. lepto^ 3. These classes, however, take a large part in the make 
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up of tlie community. As development proceeds the N. lepto, class will increase 
in iiiimbers and importance and ultimately attain dominance, though no single 
species can be described as a dominant in the ordinary sense. 

Climax, 

While these features of interchangeability and life-form dominance might 
perhaps be expected in serai communities, in this region they can equally be 
demonstrated in the climax. On Table Mountain the climax comimiiiity of 
the lower slopes has a rather uniform upper stratum, but the remainder of 
the community clearly shows the features referred, to. On the plateau and in 
many other parts of the country this uniformity is not found in any of the 
strata of the climax. 

Owing to destruction by fire, climax commi.mities are rare on the slopes of 
Table Mountain and a complete study of a fully developed example has not 
been possible. ' In coinmimities approaching the climax, life-form dominance 
was especially noticed in the N. nano, and N. lepto. classes which occur in 
every quadra»t, have a high frequency index and considerable areal percen- 
tages. The classes comprise a number of species which individually have not 
very high frequency indices or other characters of dominants. 

As an example of a climax community a study was made of one situated 
near Hermanus on the south coast of the mainland. This community was on 
a gentle slope facing south at about 60 m. (200 ft.) above sea-level. The com- 
munity was complex, arranged in three strata. In this case 2 m. quadrats 
were employed. The analysis is given in the following table. The larger quadrats 
used somewhat alter the values of the figures as compared Avith the other 
tables quoted. 


Table VIII. Climax, community mar Hemiamis. 



Totals 

0/ 

/o 

Frequency 

Freq_iiency 
per species 

Areal 

percentage 

M', mic. 

2 

3 

64 

32 

10-25 

M''. nano. 

3 

5 

140 

47 

15-25 

M. lepto. 

1 

2 

4 

4 

0-25 

N. nano. 

1 

2 

4 

4 

— 

N. lepto. 

15 

23 

308 

20 

11-25 

N. cpd. 

2 

3 

16 

S 

0-125 

Oil. mic. 

1 

2 

12 

12 

1-0 

Cli. nano. 

3 

5 

56 

19 

1-625 

Oil. lepto. 

7 

11 

112 

16 

0-5 

Gh. cpd. 

1 

2 

8 

8 

— 

H. as. st. 

7 

11 

248 

35 

19-25 

H. gr. 

7 

11 

148 

21 

1-5 

All others 

15 

25 

112 

7 

— 


A mere glance at these figures will bring out one feature of difference be- 
tw^een this and the previous lists: the areal percentages are much less evenly 
distributed among the life-form classes. If the microphaiierophytes which 
form the uppermost stratum are grouped together, only three classes have 
appreciable Amines. , 


21-2 
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In a complex coniimiiiity of this kind it will be most convenient to treat 
the strata separately. The uppermost is not a complete layer, in fact it only 
occupies about a third to a quarter of the whole community. This stratum is 
made up of six species, of wdiich Leumdendmn saMgnmn is much more abundant 
than the others. While no one of these six plants has a frequency index of 
over 80, one or other of them is present in every quadrat. The actual figures 
for these species for frequency and areal percentage are : 


Leucadendron saligniim 
Miinetes lyrigera 
Protea loiig.ifolia 
Pr. meliifera 
Aiilax cneorifolia 
Erica sp. 


Frequency 

80 

86 

32 

32 

24 

4 


Areal percentage 
9*25 
4*875 
5*25 
5*25 
1*125 
0*25 
Total 26*0 


These six species together form the uppermost stratum and all seem to 
play an almost equally important part in the community. 

The second stratum is for the most part made up of the N, lepto. and 
H. as, stu classes. The former are the more numerous in species, but the latter 
have the larger areal percentage. In the N. lepto. class there are fifteen sp'ecies, 
one or more of which is present on every quadrat but of which one has 
a frequency index over 48. The total areal percentage is 11*25 wdiicli is made 
up of Stoebe fusca 5*75 and eight others with a combined total of 5*5. The 
remaining species in the class occur as isolated individuals. In. these dense 
communities of the more advanced stages of the sere many of the plants of 
this class develop a characteristic form with a single elongated stem, which 
is either unbranched or only produces branches above the general level of the 
vegetation. Such plants may be individually frequent aiui have very small 
areal percentages and little effect in limiting the growth of other plants. 
Among plants of this comniimity which have this habit are the following: 


Antliospermum aetliiopiciim 
Phaenocoma prolifera 
Erica sp, 

Podalyria sp. 

Metalasia inuricata 


Frequency Areal percentage 

' 24 

24 0*625 

8 0*25 

4 — 

20 ■— 

(not always this habit) 


The H. as. st. class sho%vs the characteristics of class dominance pe,rliaps 
even more clearly. This class is present in every quadrat, but the iTequeiicy 
indices of the component species are not as a rule high. The actual figures are: 



Frequency 

Are 

iai percent 

age 

Restio cuspidatiis 

80 


4*25 


Leptocarpiis asper 

60 


5*875 


Thamnochortus dichotomus 

48 


0*375 

• 

Restio filifonnis 

28 


4*75 


Hypolaena digitata 

16 


4*0 


Elegia sp. 

12 





Tetraria circ^iialis 

4 


— 
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In tliis class four species are of especial importance in tlie comninnity ’wliile 
the others are thinly scattered. These four appear to be able to replace one 
another. Restio cuspidatus, which has a higher frequency index than any 
other, has a less social habit and often occurs as isolated stems. 

These two classes, N. lepto. and H. as. st., make up the bulk of the second 
stratum, other life-form classes being much less abundant and less important. 

The third stratum is not continuous or uniform. Some of the plants com- 
posing it are true shade plants growing under the cover of the larger ones, 
while others are confined to spaces between them. The constituent species 
show a variety of life forms and have generally low values for the frequency 
index and areal percentage. 

Comparison of different localities. 

The examples so far treated have all been regarded from the standpoint 
of single communities. From them the principle of life-form dominance has 
been drawn. When corresponding communities from difierent localities are 
compared, even when the localities are separated from one another geographi- 
cally by quite small distances, the diversity of species resulting from this 
feature becomes very marked. While the life-form spectra are identical the 
floristic . composition is often very different indeed. Many of the species of 
the south-western portion of the Cape region have an extremely restricted 
geographical range (cf. 22), but in spite of this the general physiognomy of 
the communities is very uniform. As an example the shrubs of the uppermost 
stratum of the climax may be selected. On the lower slopes of the north and 
west sides of Table Mountain Protea lepidocarpodendron is the dominant; on 
the east side this is replaced by Protea incompta : in the southern parts of the 
peninsula Mimetes liartogii and Leucospermum conocarpmn are present; corre- 
sponding communities on the opposite side of the Cape Flats are dominated 
by Protea neriifolia, Pr. longifolia, and Leucadendron spp. An example from 
slightly further east has been *given already. The dissimilarity in flora is by 

Table IX. Comparison of climax communities. 

Table Mountain Also on 

^ ^ Table 


M. mic. 

East side 

3 

West side 

2 

Goninion 

1 

' Hermanus 

2 

Mountain 

0 

M. lepto. 

1 

0 

0 

1 

0 

M. nano. 

— 

— 

— 

3 

0 

N. mic. 

2 

1 

1 

0 

0 

N. nano. 

10 

12 

4 

1 

0 

N. lepto. 

12 

19 

8 

15 

4 

N. cpd. 

7 

3 

2 

2 

1 

Oil. mic. 

1 

1 

0 

1 

0 

Cb. nano. 

10 

10 

4 

3 

1 

Cli. lepto. 

2 

4 

0 

7 

2 

Cb. cpd. 

2 

1 

1 

1 

0 

H. as. st. 

4 

4 

1 

7 

2 

H. gr. 

5 

8 

3 

7 

3 

Otbers . 

32 

29 

8 

15 

4 

Totals 

91 ' 

94 

33 

^ 65 

17 
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no means confined to tlie top stratum alone. As an example the life-form 
spectra of three climax communities are given, two from, Table Moiiiitaiii, 
one on the west side and the other on the east, together with that from 
Hermanns already noted. 

Even without further analysis these figures are expressive. The iiiiriibm: of 
species coimiioii to the two coniiiiimities on Table Moniitaiii is hy no means 
large and the species common to the one at Hermanns and these two eombined 
very few indeed. Yet there is not the least doubt about the very close relation- 
ship of the three communities. 


General. 

Life-form dominance, wdth its interchangeability of species, though such 
a distinct feature of these communities, is not by any means confined to them. 
The phenomenon can be seen in the grasslands of many regions, at any rate 
as far as the dominant grasses are concerned (cf. 7). Again in the forests of 
the tropics and the warmer regions of the earth life-form dominance (?xists 
among the trees. In such cases, however, one life-form class has attained 
complete dominance and this class alone shows the intercliangeahility of 
species. On the other hand, in the comniiinities in this region several life-form 
classes are about equally developed and no one attains real dominance over 
the others. In the stratified communities each stratum shows this inter- 
changeability of species. 

Little definite information is at present available as to the causes under- 
lying life-form dominance, though much speciilatioii is possible. The species 
composing the communities on Table Mountain are characterised by an 
absence of distinct social growth. Even the hemicryptophytes merely form 
small tufts of very limited extent. This absence of social growth may be 
correlated vdth the prevailing climatic conditions, at least in part. The pro- 
longed dry period in the summer may be looked upon as adverse to vegetative 
multiplication. 

Another reason for this life-form dominance has been put forward: that 
it is one of the characteristics of a very old, long-established flora. A flora 
which has occupied a region for long periods of time, essentially undisturbed, 
would contain a large number of plants that have become adjusted to the 
conditions. Where many such occur, more or less equally adjusted, life-form 
dominance is the result. The floras which have received the most attention 
in intensive work, the European and the North xAmerican, are relatively very 
recent as compared with the Cape flora. It is not, however, my purpose at 
present to enter into any discussion of these or other views as to the origin 
of the phenomena. All that is desired is to demonstrate the existence and 
importance of life-form dominance. 

The recognition of this feature, should help to explain some of the diffi- 
culties that have been^encountered in attempting to describe and classify the 
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comimiiiities of the warmer regions and the tropics in accordance with schemes 
based on the communities of temperate climates. The difficulty has been partly 
one of description in short form and partly one of definition. While the defini- 
tion of an “Association’’ agreed to at the International Congress in 1910 is 
so general that it would easily cover communities with life-form dominance (9), 
ill practice many writers on the nomenclature of vegetation have given 
definitions that either directly or indirectly imply s 2 }eoies dondnance (cf. 7, 
8, 25). 


Summary. 

The plant communities on Table Mountain have large and varied popula- 
tions. The individual species are in most cases not evenly distributed through 
the area of the community. ■ 

Detailed examination by the sample quadrat method was undertaken on 
a number of communities. The frequency and areal percentages were deter- 
mined. The species were classified in accordance with Rauiilviaer’s life-form and 
leaf-size classes, the latter being extended to include some of the liemicrypto- 
phytes. 

Analysis of communities on this basis shows that the life-form classes often 
behave as units in the construction of the vegetation, the component species 
of a class being to a large extent interchangeable. There is life-form dominance 
rather than species dominance. 

In most of the communities no one class becomes dominant : the life-form 
dominance is shared by two or more classes. 

Examination of stages in succession shows that development may proceed 
by rearrangement of the proportions of the classes, or by a preponderance of 
one, or by one or more species in a class becoming increasingly abundant. 

In stratified communities each stratum shows the same features. The 
interchangeability of species is also shown by comparison of similar com- 
munities from different localities. 


Botanical Department, 

University of Cafe Town. 
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PART II. THE STRUCTURE AND DEVELOPMENT OP WOODY COMMUNITIES 
ON HEATH IN THE NEIGHBOURHOOD OP ABERDEEN. 

Conifer woodland types on Deeside. 

The prevailing vegetation type in nortli-east Scotland is lieath, sii])erfK'ially 
iiniforiii ill pliysiognomy but varying in its soil conditions, as tlie diilereiit 
rates of growtli of planted piiiewood show. It was planned to use this vairying 
behaviour of the pine and the subsidiary vegetation of the piiiewoods as a 
jiinipiiig-off ground for the attack upon the heath itself, or upon other com- 
munities of this area. This work had to be discontinued, but a flying survey 
of lower Deeside reveals the existence of at least three nia,ior types of pine- 
woods (pure or mixed, mainly with larch) named after the species character- 
ising the difierent stages in the life history of the 'woodland. 

Type 1. Oxalis-Anemone-Iluhiis woods. 

Type 2. DesclicmipskiA^ acciniimi woods. 

Type 3. Mossy Erica cmerea woods. 

W'oods dominated by Pterulmm also occur and appear to belong to a type 
coming between 1 and 2. 

Each type may be considered the centre of a group, the outermost indi- 
viduals of which show approaches not only to the next in the above series 
but to communities of wetter soils. 

Type 1. Woods of this type grow on loamy soil with an averagt' th‘pth of 
about 2 ft. (60 cm.) and with little or no visible bleached layer. Tlie soil is 
well suited for arable cultivation, hence examples of Type 1 woods are fe'w 
in number. Pine and larch grow well, the former often much damaged 
squirrels, the latter relatively free from canker {Dasyscyplia ealycina) and 
reaching an average height of 74 ft. (22*5 m.) in 71 years. Data for the pine 
were not obtained but the height is less than that of the larch. 

In the life history of the even-aged planted wood an OxaMs- Anemone stage 
is followed by one of Rubus fruticosus (agg.). A variety of this with Vaccinium 
niyrtillus (apparently indicating an approach to Type 2) instead of Rubus, is 
also found. Examples of this variety come into the areas to be described later 
and are there referred to as Type 1. 

Beech grows tvell and spreads freely . 

Type 2„ Woods of this type are common on- soils showing a definite but 
often not very thick bleached horizon, and at a depth of approximately 15 ins. 
(37*5 cm.) below the mineral soil surface either an iron pan or more comiiioiily 
a hard compact matrix of glacial till which holds up tree-root penetration. 
There are several varieties reaching out towards Types 1 and 3, but the most 
frequent shows a Deschampsia jiexuosa stage followed by one of Vaccinium 
m/yrtillus. Neither pine nor larch grows so well here, the pine averaging 60 ft. 
(18 m.), the laiuh 65 £fc. (19*5 m.) at 104 years. 
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Beech invades looodlands of this type but its growth is not so good and its 

regeneration less dense. 

Type 3. Infertile, porous fluvio-glacial sands witli well-markecl bleacked 
and illuvial horizons bear conifer woods of pine and larch : the pine at 63 years 
is 55 ft. high. 

A mossy carpet, mainly of Hylocomium splendens and Hypnum schreberi, 
precedes a stage with Erica cinerea dominant. Varieties approaching Type 2 
include Deschampsia and Vacciniiim, in the ground flora. 

Beech does not occur in the examples seen^. 

The following account deals mainly with the plant communities of Type 2 : 
specific reference is made to those of Type 1. 

. The vegetation of four areas near Aberdeen. 

Early history. 

The wmody vegetation of four areas (Part I, Fig. 1, p. 152 : and Figs. 1, 2, 3, 
pp. 324-326) in the vicinity of Aberdeen has been investigated in some detail 
to find out the relationshii) of the different plant communities and the place of 
beech in them. Twn and perhaps three of these areas are included within the 
bounds of the ancient Forest of Stocket, of whose constitution we have no record, 
but ''there is good reason for the belief that the indigenous trees of the vicinity 
of Aberdeen were practically destroyed, as the accounts of travellers in the 
eighteenth century agree in representing the east of Scotland as almost 
devoid of trees (22).'” Instead the countryside is referred to as "barren lyke, 
the hills craigy, the plains full of marreshes and mosses., the feildes covered 
with heather or peeble stons, the come feildes mixt with thes bot few”; 
"marshes and great stones,” "foul moors,” "heath and moor” are descrip- 
tions applied to it about the middle of the eighteenth century (23). The 
account of Keith is valuable. Writing of the parishes including Old and New 
Aberdeen he states that of the 5000 acres "little more than 500 acres, within 
3 miles of Aberdeen, either were arable or could be cultivated by the plough. 
Above 3000 acres constituted a barren zone, of rough and broken ground 
covered with heath and large masses of granite.” This granite was shipped 
for building and paving stone and partly compensated the expense of trenching 
the ground prior to growing crops. By 1814 "above 3000 acres have been 
trenched within 3 miles of Aberdeen; and many of the operators having carried 
their knowledge of the art into the interior districts of the county, probably 
not less than 20,000 acres in all, have, by a more or less perfect system of 
trenching, been added to the cultivated land of Aberdeenshire‘S.” 

Most of the land in the neighbourhood is now under cultivation, and it is 
exceedingly unlikely ' that in what remains untilled there is seen an exact 

^ At Darnaway in Morayshire, however, on fluvio*glaciai gravel, beech grows well, reproduces 
freely and is replacing the oakwood planted in 182t. 

Keith ill Sinclair’s General Report of Scotland^ 2, 396, 1814. 
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picture of tlie primeval conditions. The peats are cut and mosses" exhausted, 
the heath lands burned over and open to grazing and plantations liavi* Ijoou 
made. It is difficult if not impossible to find anywhere a piece of groiiiid which 
one could call 'hiaturar’ in the sense that it presents a vegetation not a.ftVu‘ted 
by man and his activities. And what is true in this neighboiirlioorl is a.ppli- 
cable to the major part of Scotland, including the higher ground as well. This 
ought to be kept in mind when the permanency of the beech and its stat-us in 
the vegetation is under review. 



Fig. 1, Fintray. The woodlands occupy the slopes of a hill whose summit is near the centre of 
the figure. On the north and north-west sides conifer plantations occupy the lower slopes: 
the higher ground formerly carried a conifer crop, but now bears a rowan-birch associes. 
Adult beechwood grows on ridged soil at F^), FiQ'iy with Deschampsid Jlexuosa (D./,) 
md Vaccdnimti m/yrtillus {V.m.) dominant in the ground vegetation where so indicated. 
Beech invasion of the conifer wood gives rise to the beech associes {Fa.), A beech associes, 
with relicts of a rowan-birch associes, both showing the rotting stumps of conifers, occupies 
the south-facing slope. At N a beech consociation nucleus is established, with bircliwood 
forming a fringe marginal to it on the north side. The woodlands on the south-facing slope 
belong to Type 1. 


Geology and soil. 

Tlie woodlands described grow on glacial till overlying metaiiiorpbic and 
granitic rocks. Over mucli of the area the soil has apparently remained undis- 
turbed, The surface is strewn with boulders, but the number and size of these 
are often obscured by the growth of plants and by the humus formed from 
them. Besides the boulders which lie on the surface, many others are 
completely embeddect in the , grey and- coffee-brown horizons of the soil 
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profile, but below these horizons the stones are few in number and are found 
ill a soil of open texture, which rests upon the compacted boulder clay. This 
concentration of boulders at or near the surface may be attributed to the 
washing away of the smaller soil fragments by glacial water. It is quite 
■ obvious that ordinary tillage operations could not be carried out until these 
boulders were removed, and it is considered safe to assume that a boulder- 
strewn soil of the kind depicted has never been cultivated. 



Fig, 2. Countesswells. Planted beechwood (F^)) occupies ridged soil on a south-facing slope. 
The ground vegetation is dominated by Deschampsia fle/xuosa Holms niollis {H.m,,) 

replacing it in the north-east corner. On the higher flat ground behind is an adult coniferwood 
with belts of pure beech at F(2) and {Vaccinimn myrtilhis ( F.m.) dominant). Behind 
Fd), beech invasion gives rise to a beech associes {Fa.). Beliiiid F( 2 ) a beech c;ori,sociation 
nucleus (iV) is established. The arrows indicate the direction of beech invasion. 

The question then arises, do these wooded areas grow on soils considered 
unfit for arable cultivation? The chief possible causes of unfitness would seem, 
to be unsuitable topography, difficulties connected with the removal of 
drainage water and of boulders, and poverty of the soil in niitrients. Wooded 
stony slopes unsuitable for tillage are found, but form a small part of the 
total wooded area. Further, none of the woodlands grow on a soil which 
presents serious obstacles to drainage or to /the removal of drainage water; 
in fact, some of them are intersected by a series of open 'dr aiils, most of which 
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are now neglected. But unwooded wet heaths are to-day found in shallow 
basins which present obvious difficulties to the removal of the drainage water, 
and there is no evidence that these were ever planted. Again, while there is 
no definite evidence to prove that the wooded areas contain more or larger 



Fig. 3. Hazelhead. The eoniferwood occupies uneven ground. The parts naturally or artificially 
drained bear denser woodland: the undi’ained part open woodland. Along the north-west 
margin runs a strip of undrained Galkma-hesith. with scattered pine invaders. Here are found 
heaps of boulders dumped during the clearing of the adjoining arable fields. A line of old 
beeches ( x — x — x ) of pioneer form runs alongside a dilapidated dyke marking the boundary 
between heath and woodland and continues eastwards through the eoniferwood and between 
the arable fields beyond. Where the beech divides the eoniferwood, free invasion on either 
side has taken place and a beech associes appeared. Along part of the soiitherii niargiii of 
the eoniferwood is a belt of beech planted on ridged soil. Behind the beech belt the conifers 
have been removed and the subseral rowan-birch associes has been invaded by beech and 
given rise to the beech associes. The transects (Figs. G and 7) are made along the lines AB 
and Cl). The arrows show the direction of beech invasion. 


boulders than the adjacent arable ground, the descriptions of the intake of 
heath plainly show that the appearance of the surface of the miiir was rather 
uninviting; for although, on different parts of it, traces of the old mode of 
culture by baulk and rigg were apparent its general aspect was characterised 
by short stunted heath, in many places thickly studded with stones, and 
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with tumuli of stones and earth, indicating scenes of former bloodshed, with 
here and there boggy places interspersed. Its general appearance would not 
have led even an experienced person to expect anything like the uniform 
continuous extent of good soil, which the operations have since made apparent ; 
and it was evidently much too rugged for the plough (4)/’ The boulders were 
used for building the farm houses and steadings, the stone dykes round fields 
and the surplus was got rid of in ''consumption dykes’’ — all these exist as 
evidence of the abundance of boulders cleared from the ground. Further the 
straight alignment of the boundaries between woods and arable fields shows 
that discrimination between irregularly distributed cultivable and non-cultiv- 
able soils wms not exercised and in fact on the Countesswells Estate part of 
one (Type 1) woodland adjoins arable soil stated by Sir S. J. Gamniell to be 
the best on his estate. Finally the process of clearing continued after some 
of the present woodlands had been established, and in fact Stocket Moor itself 
wms not brought under cultivation until about 1880. 

For these reasons it is believed that the soil of the woodlands investigated 
does not differ materially from the original condition of that now under the 
plough, and by similar treatment could be brought into the same high state 
of cultivation as now exists. 

Locally the soil is ridged, the width of the ridges from crest to crest being 
about 30 ft. (9 m.). Here there are no boulders or very few. This was the old 
method of cultivation and was primarily one of drainage. Where it is found 
the assumption is made that the soil was at one time under the plough but 
was later planted. In one example the boulders have not been carried off the 
ground but collected in the furrows and left there. Clearance of the ground 
unaccompanied by ridging is found but is rare. In all four localities practically 
the whole of the ridged soil is now occupied by beech. 

Chemical composition. 

No chemical analysis of the soil or of the different soil strata of the wood- 
lands has yet been made, but the following conclusions from chemical analysis 
of the physical fractions of an arable soil are of interest. The sample was taken 
to a depth of 9 in. (22*5 cm.) from' the farm of Craibstoiie (6 miles north-west 
of Aberdeen) whose woodland adjuncts grow^ on a soil similar to those under 
consideration. 

"The Craibstone soil... is composed largely of particles which have not 
undergone profound chemical weathering, hut consists of the original granite 
minerals mechanically ground with only comparatively superficial chemical 
alteration. The coarser particles which form so large a part of this soil contain 
great stores of lime in particular, and also of other bases such as potash, soda, 
and magnesia (7).” There is no free calcium carbonate (p. 460). This land 
under tillage forms a fertile soil and for the reasons given we may consider 
the results, quoted generally applicable to the soils under woodland. 
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Soil profile (Fig, 4 A). 

The soil is of the podsol type, but the horizons are not well differentiated. 
Thirty-nine diggings yielded the following data (averages, wdtli extremes in 
brackets) respecting the thickness of the different layers: 

Raw humus — 9-5 (2-5“17*5) cm. 

Grey layer — 6*3 (0*6-15) cm. 

Coffee-brown layer — 4*8 (1'3-13*8) cm. 

Hnmus-iion pan — weak, present in about 50 per cent, of the examples. 

Rust-coloured layer — 27*3 (12'5-48*8) cm. 

Pan — iron pan present in about 10 per cent, of the examples. 

At 37*3 cm. — iiiiweathered and consolidated glacial till. 

Raw humus is everywhere present and its depth and composition vary. 
It is often distinctly layered, the humus of one kind of plant resting on the 
humus of another, so that it is possible to trace the major outlines of the plant 
succession. Below the raw^ humus proper — and included in the above measure- 
ments — there is frequently found a layer of black amorphous peat resting 
immediately on the mineral soil. 

Grey layer. This is visible in thirty-six out of thirty-nine of the soils 
examined, but in some cases it is very thin although quite distinct in the 
smallest thickness recorded. In no case has the bleaching progressed so far 
as to leave this layer white as seen in the poor soils of the Lower Greensand 
in Sussex, and the grey colour is often obscured by the infiltration of black 
humus from above. On drying and exposure to the air this layer becomes 
much lighter in colour and powdery to the touch. 

Coffee-brown layer. This layer is found in twenty-seven out of the thirty-nine 
soils examined, and varies considerably in thickness and shade of brown, but 
is a somewhat consolidated layer coming away in chunks under lateral pressure 
of the spade. On the low'd* side it sometimes grades, when the pan is absent, 
into the rust-coloured layer and then an arbitrary measurement of its depth 
is made. 

Hmnus-iron pan. In about one-half of the profiles a weak and easily dis- 
integrated pan about 3 mm. thick is discernible either under the grey layer or the 
coffee-browui layer. Occasionally in the same digging one finds either a coffee- 
brown layer or a pan. Roots are stopped by it locally, but it seems to have little 
effect on root penetration generally. This applies particularly to tree roots, 
whose descent was never observed to be interfered with by this layer. 

Rust-coloiired layer. This layer varies much in thickness, colour and texture. 
It is generally a sandy loam and reddish in colour, due to the deposition of iron. 

Pan. In a few cases the roots of trees are stopped suddenly by an iron pan 
about 3 mm. thick. 

Unweathered glacial till. In most cases the change is abrupt from the rust- 
coloured layer to the grey, compact, unweathered till, itself almost as effective 
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as pan in prevGntiiig root ponetration. Locally the. soil is more sandy and 
there is little change in texture downwards, but the colour change and the 
slight diSerence in compactness are used as a guide to the depth of the rust- 
coloured layer 

RAW HUMUS 


WBATHEREP 

SOIL 

WITH HUMUS 


WeATHETRETD 
- SOIL 
WITHOUT 
HUMUS 


UNWEATHERED 
OLACIAL TILL 

Fig. 4. A, Typical soil profile of the heathwoods (Type 2) showing distinct podsolisation; 
B, of Type 1 woods with no visible illuvial horizon but occasionally showing slight bleaching 
of the surface mineral soil. 

Soil depth. 

The volume of soil available for root exploitation is determined by the 
depth at which the consolidated soil is found. The average depth (measured 
from the surface of the mineral soil) is only 15 in. (37*5 cm.). This is of great 
direct importance to tree growth, inasmuch as deep-rooting trees like larch, 
pine and oak do not have a soil depth adequate to normal root development. 
It is important indirectly, as interference with drainage sets up conditions 
hostile to the normal functioning of roots. In winter the ground may become 
sodden and in late summer the grey layer under the pine and the mat of 
Deschampsia fiexuosa is found in an extremely dry powdery condition. 

^ In some profiles there is definite evidence of bleaching in badly drained soils due to the 
action of underground water. The “rust coloured” layer is then light in colour. Soils of this type 
are classed as “podsol-glei” soils and if they hear pines at all, these are of very poor growth. 
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Soil acidity, 

A well-marked acidity gradient is brought out by the following averages 
(extremes in brackets) from twmnty diggings : 

Eaw humus pH 3*9 (3-6“4*2) 

Black peat 4*0 (3*6-4’2') 

Grey layer ... ... ... ... 4* 0 ( 3- 6~-4- 3 ) 

Cofiee-brown layer ... ... 4*2 (4-0-4-6) 

Kust-coloured layer 4*75 {4*6-5'()) 

Parent glacial till 4*8 (4* 6-5*0) 

These data are very similar to those obtained by Hesselman (8) from the 
heathy woods of Scandinavia. 

On the south-facing slope of the Fintray area (Fig. 1) and in a wmodland 
about 0-5 mile vrest of Countesswells House, plant comiiiiinities belonging to 
Type 1 are found. In the soil profile (Fig. 4 B) there is no visible succession 
of horizontal layers, although a soup9on of a grey layer is occasionally met 
with. The humus (2*1 in. i.e. 5*3 cm. thick) disintegrates more rapidly and is 
more friable, and beneath it there is a loamy soil whose upper layers are 
darkened by humus, the distinctive soil colour — yellow- to reddish brown — 
being apparent below. The average depth of mineral soil in seven diggings was 
22 in. (55 cm.) and this overlies hard compact glacial till. In this soil earth- 
worms are much more frequent. 

The plant communities : tpieir relationship and 

GENERAL DESCRIPTION. 

The whole extent of man’s influence on the vegetation cannot be judged 
until -we know more about the primeval vegetation. This seems to have been 
heath with peat in the wetter parts, but of the tree species, their size and 
frequency, we have no certain information. But from the historical notes 
given and evidence adduced later the belief is entertained that in a general 
wmy the neighbourhood of Aberdeen was occupied by heath, studded with 
trees of pine, birch and rowuni, varying in relative frequency and density from 
place to place but with pine the most generally abundant and prominent. The 
existing coniferwmods are planted, apparently with no soil preparation except 
for the cutting of shallow drains, most of which are now neglected. Pine and 
larch form the bulk of the plantations with spruce and silver fir sparsely 
distributed, and these trees by their selective effect have altered the relative 
frequencies of the pre-existing flora. Exploitation of the plantations consists 
either in the sporadic removal of trees (windthrow^s or selected trees for 
estate purposes) or by clear felling on maturity. After a longer or shorter 
interval the ground is replanted. In some, however, the management is far 
from being intensive, and the natural process of succession has asserted 
itself. 
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The account of the vegetation centres round the planted coniferwood, for 
all other forms are derived from or related to it. The adult wood consists of 
the tree layer of pine and larch {Larix decidua)^ a discontinuous shrub layer 
chiefly of rowan {Sorbus aucuparia) and a ground flora of dwarf shrubs 
{Calluna vulgaris and Vaccinium myrtillus) and wiry grasses {Deschampsia 
jlexuosa) dominant. Upon clear felling the conifers the vegetation consists 
of scattered rowans set in a heath, with Deschampsia, Vaccinimn and Ckdluna 
sharing the ground. What exactly happens to this community is not known 
■with certainty in all examples, but retrogression to Calhma heath can take 
place. The heath is invaded by subspontaneous pine and gives rise to a pine- 
heath — this probably being the community nearest to the primeval condition 
of the vegetation that can be found to-day. If the conifers are selectively 
removed a rowan-birchwood succeeds the conifer plantation, but it is un- 
certain how far this rowan-birchwmod can maintain itself. Eeversion to heath 
is probable. 

Wherever beech grows side by side with either the coniferwood or the 
rowan-birchwood, invasion takes place and a beech associes finally develops 
into pure beech wood. These relationships are expressed in the accompanying 
diagram, but it does not necessarily imply that the beech is unable to invade 
the communities -where such invasion is not showui. 


Conifer plantation - 

/ \ 


■ Beech associes -> Beecliwood 


On clear felling / 

Heath 

(Calluna, Vaccinium, Deschamjma) 

\ 


\ / 

Galluna-h.ea,th. 

I- 

Pine-heath 


\ On selective felling 
Rowan-birchwood - 


■ Beech associes -> Beechwood 


The cominiiiiities described contain between them twenty-fi.ve woody 
species, seventy -five herbs and grasses and thirty-nine bryophytes — a total 
of 139. Of the twenty-five woody plants only eleven are certainly native to 
Aberdeen and adioining parishes, the rest being planted or subspontaneous^. 
Only the more important species are given in the list (p. 341) where the number 
of examples in which the species is found and the average frequency are re- 
corded. This list contains eleven wmody plants, thirty-twn herbs and grasses 
and seventeen bryophytes. The native woody plants listed are marked N. 
The fact that only eleven woody species are native indicates to some extent 
the changes wrought by man. How far some of the introduced plants can 
maintain themselves has already been answered by Trail in the work cited, 
^ Trail, Memorial Volume, 1923. 

Note. Trail considered that all existing pines are planted or subspontaneous and that none 
are the lineal descendants of those whose stumps are found in the peat. Finns silvestris var. 
scotica is not recorded from the woods described here. 


22-2 
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but tbe further question of their fate in the absence of man’s coiitiiiiieii iii- 
fiuence is left unsettled. 

Among native trees the birches {Betula spp.) and rowan (Sorbus micupcma) 
reproduce successfully in the existing conifer plantations, but the noii-iiative 
pine apparently cannot do so until reversion to CttHw-r^adieath occurs. Thus 
these piiiewoods if left to themselves would fail to maintain their present 
status, but the pine would continue to exist as a constituent of a pine-heath 
community. 

The introduced trees found in the woods examined are (besides the pine) 
Abies lasiocarpa, A. Acer pseudoplatamis, Fagus sihatica, Larix 

decidua, Picea excelsa, Prunus avium, Pseudotsuga taxifolia (douglasiA), Quercus 
fobuf and Q. sessiliflora. Seedlings or young plants of Acer, Picea, Pseudotsuga 
md Quercus robur have been seen, but there is no evidence to show that 
naturally reproduced plants attain maturity. Abies j^^cUnata is more suc- 
cessful numerically, but the saplings are mostly killed by Dreyfusia ntlsslmi. 
Larch regeneration is widespread but not abund^ant, except locally within the 
conifer plantations. The most important alien is the beech, whose successful 
reproduction enables it to compete wnth the pine, birch and rowan. 

The failure of spruce regeneration is interesting. Vegetationally northern 
Scotland is nearly related to Scandinavia, whose evergreen coniferous forest 
is dominated by pine and spruce. Absence of spruce from this country in 
post-glacial times is usually set clowm to purely historical causes, for, when 
planted, it grows well, being one of the three conifers commonly used during 
last century. It also produces fertile seed, yet subspontaneous s|.)ruce, although 
reported from some parts of the country, is not common. The causes of this 
failure have not been investigated. 

The three main species in the ground vegetation are DescJavmpsia flexuosa, 
Vaccinium myrtillus and Calluna vulgaris; Deschampsia and Vaccimum pre- 
dominate in the woodlands, Calhma in gaps and spreading in the felled areas. 
These are species with a high degree of sociability, in contrast to the majority 
of their common associates whose inclusion does not materially alter the 
general appearance. Differences therefore in the physiognomies of the difiereiit 
communities are mainly due to the relative frequencies of these three and to 
a less extent of those of the other species. The changes are due to various 
causes, the most obvious being the density of the overhead canopy, but while 
the new conditions in the beechwoods exclude certain species, none alien to 
the heath flora is introduced. Other factors influencing the ground vegetation 
and discussed more fully below (pp. 336-38) are the thickness of the beech 
litter and tree-root competition. 

The full list of bryophytes contains twenty-nine mosses and ten liverworts: 
many of the latter have only their occurrence noted. 

The herbs and bryophytes are those most commonly associated with acid 
soils, although some with a wider pH range are also found in calcareous soils. 
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A list of fourteen lichens is added, but the records are incomplete. 

The biological spectra of these heathy woods bring out the insignificant 
place of therophytes and the importance of chamaephytes. 


P. Ch. H.r. 

H.S. 

H.c. 

Q . V . 

G.b. 

G.rad. T. 

Total 

All species (excluding alien phanerophytes) : 





13-5(12) 18 (16) 12(11) 

V 

19 (17) 

22 (20) 
j 

11 (10) 

V 

1 (1) 

1 (1) 2 (2) 

J 

99-5 (90) 

Ground flora (all species): 




isFW 



20*5(16) 14(11) 

22 (17) 

25 (20) 

j 

13 (10) 

V 

l-o (1) 

1-5(1) 2-5(2) 

100 (78) 


^(48) 16 (12) 


The spectrum of the ground flora bears on the whole a closer resemblance 
to the Beschmnpsia than to the Holcus type of shelterbelt beechwoods (Part I, 
p, 149). Here, however, although the difference is small, the caespitose hemi- 
cryptophytes show the highest percentage. 

Perhaps the most impressive feature of the woodlands is the evergreen 
carpet of ground vegetation' due primarily to Desehampsia and Vaccinium 
but enhanced by the bryophytes and many winter-green vascular plants. 
There is no spring facies such as is produced by Anemone nemorosa in Type 1 
woodlands, and the species with showy flo^vers are few — Oxalis acetosellaj 
Potentilla erecta and Trientalis eurojxiea being the most important. 

Some factors inpluencino the competition between plants. 

(1) Soil dep)tJi , root systems and height growths of trees. 

The gale on January 27th, 1927, exposed the root systems of many trees. 
Some of these were examined but not enough to warrant generalisation re- 
specting the structure of the root system of the different species. Indeed the 
impression was gained that in some the structure was an expression of soil 
environment rather than of inherent tendencies. Two general features stand 
out. First, the bulk of the root system is confined to the weathered part of 
the soil, being prevented from deeper penetration by the pan or in its absence 
by the compact parent soil material. Where the pan is ■well developed and 
continuous the under side of the root system is moulded to it and rarely do 
isolated roots penetrate a few inches below. Indeed the roots sometimes 
adhere so firmly that in a blown down tree the line of rupture between the root 
system and the soil lies just under the pan. Where there is no pan the under 
side of the root system is less even, but is on the whole flat, with a varying 
number of vertical roots — often in ro-ws — penetrating crevices in the un- 
weathered soil. The second general feature is the concentration of numerous 
important roots in the superficial soil layers. These radiate outwards and run 
on or near the surface of the mineral soil. This is regarded as an indication 
of a badly ventilated soil, and indeed, in poorer parts of young pine plantations 
the roots are almost limited to this zone. 
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The root systems coiiforiii to three general types (Fig. 5): (1.) in which 
the roots apart from the superficial ones are generally ciiffiised tliroiigli the 
soil (heech. spruce, pine, larch, and silver fir); (2) in which the roots are con- 





Fia. 5. Diagramiuafcic representation of three types of tree root systems in podsol: (I) dift’iis€\ 
(3) la.yered, (3) sinker. Tlie main roots are superficial in all three types and run just in the 
grey layer or partly in the grey layer and partly in the raw humus above. indicates the 
level of the compact boulder till or iron pan lying on it; the level of the soft hiiiniis iron 
pan in the coffee-brown horizon. 

ceiitrated in two horizontally extending layers, an upper supplementing the 
superficial roots and extending clown to the first pan and a lower spreading 
above the second pan (silver fir) ; and (3) a superficial root system with vertical 
sinkers (pine and silver fir). From these observations the impression is gained 
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that silver fir is more easily discouraged by obstacles than the other trees 
examined and its root structure appears to be a closer expression of soil 
environment than that of the other trees. 

The inability of deep-rooting trees to produce a root system normal for 
the species will set a limit to their power to compete with shallo-w rooters and 
with trees whose root systems may be described as accommodating. If the 
rate of growth and the height attained at maturit};^ are regarded as a measure 
of the power of the environment to satisfy the needs of the species then the 
follmving data for five species show that silver fir and beech have a decided 
advantage over larch, spruce and pine. Their competitive ability is further 
enhanced by the fact that the former are tolerant, while larch and pine are 
intolerant of shade. While our knowledge of the influence of the several habitat 
factors on the growth of these five species is not complete, it may not un- 
reasonably be concluded that these shallow heath soils are limiting the growth 
of pine and larch. 


IleigM growtli of trees. 


Species 

Number 
of trees 
measured 

Average Iieiglit 

Approx. 

age 

Abies peetinata 

4 

81 ft. Bin. (75*5-90 ft.) 

24*8 m. (23-27 m.) 

— 

Fagiis silvatica 

22 

71 ft. 4 in. (63-80 ft.) 

21*8 m. (19'2-24-4 m.) 

— 

Pice a excelsa 

12 

65 ft. 6 ill. (20 ni.) 

104 

Larix decidtia 

32 

65 ft. (19-8 m.) 

104 

Pinus siivestris 

28 

60 ft. (18-3 m.) 

104 


That beech has an acconxmo dating root system is well established from 
numerous observations in this country: the same cannot be said for silver fir. 
Indeed continental authorities classify the fix among deep rooters, but in the 
neighbourhood of Aberdeen, silver fir stands head and shoulders above other 
conifers, and in viax? of the data given, it is classified along with the beech. 
It is therefore considered that the accommodating root systems of beech and 
silver fir are important factors in enabling these trees to attain the heights 
they do. The relatively high content of the soil in minerals probably con- 
tributes to this result, for the total need of silver fir and beech is higher than 
that of larch and pine and the supply available does not discriminate in favour 
of the less exacting. Nevertheless the failure of silver fir (and spruce) to 
reproduce successfully removes both from the list of beech competitors in 
the plant succession. 


(2) Light requifements of important species. 

Arranged in descending order of their light needs the important trees in 
the succession are : birch, larch, pine, rowan, beech. Thus beech can compete suc- 
cessfully with and ultimately replace pine and larch of the conifer plantation 
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and also bircli and rowan of the ro^wan-birch associes. Rowan occupies 
a peculiar position. Seedlings and young plants can withstand the heavy 
shade of beech and normally it forms a shrub layer to trees of taller growth, 
but it shares dominance with the birch in the rowan-birch associes. 

The three most important subsidiary species— flexuosa, Vac- 
cifiimn myftiUus and Oalluna — form an ascending series of light requirement. 
Desckampsia, while it thrives and flowers abundantly in full light can yet 
endure a very low light intensity, but under canopy shows markedly reduced 
vigour and flowering. Vaccinium with a higher light minimum finds its 
optimum for vegetative growth in open woodlands and does not respond to 
additional light except by more frequent flower and fruit production. CaUuna, 
on the other hand, has a high light requirement and flourishes only in open 
conditions. Thus these three become dominant successively as the conifer 
wood opens out, and mark distinct stages in the life history of the even-aged 
planted wood. 

It may be noted here that while increasing shade kills Ccilhma outright, 
Vaccinium shows greater adaptability by pushing out young shoots from the 
rhizomes of the killed-back tall stems, and may maintain itself as a small 
plant under conditions determining the dominance of DescJiam/psia. 

(3) Tree root cmnpetiiion and the subsidiary vegetation. 

That light is not the sole factor determining the composition and condition 
of the subsidiary vegetation of woodlands was clearly shown by Fricke (5). 
He considered that on poor sandy soils lack of water, due to tree-root com- 
petition, prevents the growth of herbs and grasses even where the light 
intensity is above the minimum for these species. To test this conclusion for 
beechwood an experiment was laid down in a shelterbelt whose ground vege- 
tation consisted mainly of a patchy growth of low-growing and pale green 
Deschampsia flexuosa. Flowering stems were scarce. An area 3 x 6 ft. 
(0*9 X 1*8 m.) was selected between and equidistant from two beech trees 
and surrounded by a trench 18 in. (45 cm.) deep. Deschampsia was present 
naturally inside and outside the plot. At the same time two rows of Holcus 
mollis were planted extending across the plot on to the ground outside, and 
a control plot comparable in position to the ‘‘trenched’’ plot was similarly 
planted with Holcus mollis. Subsequently smaller plots were laid out in a 
number of woods : four in shelterbelt Descha^npsia beechwoods, two in pine- 
woods, one in a rowurn thicket, and one in a rowan-birch wood. All these were 
laid out so as to obtain some idea of what to expect and note more carefully 
ill contemplated detailed and critical experiments, which circumstances pre- 
vented. 

From these preliminary experiments the followhig general observations 
were made on the vegetation inside the plots : 

(i) In all the plots^except the two last mentioned (rowan and row'aii-birch) 
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tliere was a distinct increase in vegetative vigour shown by Deschafnps^a 
flexiiosa, Holcus mollis^ Lumlapilosa and Oxalis acetosella. There was no change 
in the vigour of Vaccinium myrtillus. 

(ii) Descliamifsia and Holcus were distinctly darker green, 

(iii) Deschmnpsia and Oxalis began growth, or at least grew^ much more 
vigorously, earlier in the year. Oxalis flowered earlier. 

(iv) The flowering stems of Deschampsia and Holcus were more numerous. 

(v) In the ro'wan thicket there was no noticeable change in the Des- 
champsia. Here the Deschampsia was initially much more vigorous. 

(vi) In the rowan-birchwood it is doubtful if there was any difference. 

(vii) In one plot with bare patches of soil the flora was richer inside than 
outside, and while no definite record of the floras was made at the time of 
establishment of the experiment and consequently no certain conclusions can 
be draw’ll, yet it is believed that the vegetation increased, since the laying 
downi of the plot. Older abandoned plots, instituted for another purpose, also 
bear a richer flora. 

The behaviour of Yaccinium myrtillus is outstanding: it is not afiected by 
tree-root competition. To test this further a sod (approx. 10 x 20 x 7*5 cm. 
deep) of Vaccinium with stems 7*5-10 cm. high was set into a trenched plot 
under dense beech where the Deschmnpsia was low growniig and patchy and 
where no Vcixcinium was present naturally. At the same time another sod 
of the same size was set into the ground outside the plot. In this case of 
course the roots wmre cut at a depth of 7*5 cm., but the lapse of time would 
allow the roots to invade the sod, whereas in the ^'trenched” plot the roots 
were cut annually. The response was the same in both cases. The original stems 
died back and new slender shoots with small leaves took their place. At the 
end of 30 months (covering three vegetative seasons) the average height of 
nine Vaccinium shoots from inside the plot was 2*1 cm., of tAvelve shoots 
outside 1*93 cm. From the experimental evidence, then, tree-root competition 
does not affect the condition of Vaccinium, and it is highly probable that 
light is the limiting factor. Even in this situation where Vaccinium is a small, 
much attenuated plant, Deschampsia responds to the cutting of the tree roots 
by increased vigour, by becoming darker green and by producing flow^’ers. 

(4) Depth of leaf litter • 

The composition and condition of the ground flora are also iiifliieiiced by 
the leaf litter which may in places he sufficiently bulky to cover up and kill 
out plants of low-growing habit. The lo’w-grow'iiig habit may be induced by 
conditions such as light and root competition. For example, the exposed 
floor of shelterbelts from which the litter is blown away may be dominated 
by low-growing Deschampsia, but if a layer of beech leaves 5 cm. thick is laid 
down and held in position by wire netting then the Deschampsia is killed out, 
and this result cannot be due to any toxic substance ;yroducecl by the dead 
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leaves because where occasionally Desclianipsia leaves project above the 
surface they not only survive but attain greater luxuriance than withoiit the 
litter. The lethal effect may be cine merely to cutting oft' the light. On the 
other hand Holcus ntoUis is much improved by similar treatment, as shown 
ill its increased vigour, darker green colour and the production of flowering 
stems— a result essentially similar to that bronglit about by cutting the tree 
roots. And wherever species of stiff' erect form such as Holcus and VaccinMim 
stay the flight of leaves which thereby accumulate between the stems, then 
plants like liverworts, mosses, low-growing Descham/psia, Galium saxcdUe are 
buried and killed. The remains of Descliampsm found below is evidence of 
this process. The absence of a DescJmmpsia mat in sheltered beechwoods, where 
the litter is derived from the normal fall of leaves is thus explained. Occa- 
sionally Deschampsm is found, but always on boulders, tree stumps or little 
knolls projecting above the general level of the soil surface. 

(5) CondUions for germmation cmd eslablishnmit. 

Again difliciilties connected with germination and establishment may ac- 
count for the a1)sence or much reduced frequency of plants from places where 
they would be expected. Open conifer woodlands sometimes show Deschampsm 
forming a mat when the light intensity is clearly adequate for Callmm ■vulga/ns : 
for when the turf is removed the ground is readily colonised by Calluaa. It 
is not suggested that the Descliampsm mat could hold out indefinitel}^ against 
Gallima (p. 343), but it is clear that between the time when light conditions 
become suitable and the actual response in succession there may be a, con- 
siderable lag, so that the absence of plants from an area at any one time is 
not immediately interpretable in terms of the existing physical factors. 

These observations throw light upon the dominance of DescJiampsia in 
exposed slicdterbelts and its replacement Holcus where the leaf litter lies, 
also on the distribution of Holcus in the Deschampsia woods (Part I, p. 148). 

It may be concluded then that light is a factor influencing the composition 
of the subsidiary vegetation, but that the absence of a plant does not imply 
that the light intensity is below the minimum for that species : that tree-root 
competition is a factor influencing both the composition and condition of the 
vegetation, but that it is without influence upon Vacciimmi: that light and 
tree-root competition iimy so influence the condition of the vegetation that 
they allow, leaf litter to exercise an influence upon its composition: and that 
leaf litter may also infl.ixence the condition of certain plants. 

(6) Biotic factors. 

The paramoimt influence of man has been noted already. Among animals, 
rabbits are the most important. They are present in relatively small niinibers 
due perhaps to the unsuitability of the soil for making burrows, aided by 
systematic shooting on Countesswells and by disturbance at Hazelhead. At 
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Fintray, liowever, rabbits are more numerous, and locally they keep down 
rowans and birches in an area cleared of timber. So far as observations go 
rabbits cannot be considered to have a permanently stabilising influence on 
the subsidiary vegetation, although they may alter the rate of change. It 
may, however, be recorded that Deschampsia flexuosa is cropped close where 
artificial nitrogenous manures have been added to the soil. Otherwise Des- 
cJiampsia is not noticeably affected by grazing, nor is Oalluna. Rabbits (with 
hares) do considerable damage to newly planted conifers. 

The effect of animals upon trees has not been the subject of investigation, 
and ill the absence of experimental data it is unsafe to assume that the known 
effect of the biotic factor on beech regeneration applies in equal degree to 
other trees. The supply of seed is, however, considerably reduced by the 
activities of squirrels, which eat the seeds of piine, larch, spruce, clouglas fir 
and beech. 

The planted coniper\voods. 

Four of the seven woods examined are mature: the other three are younger 
but old enough to have initiated the essential structure of mature woods. This 
consists of a tree layer of planted conifers, a shrub layer of rpwaii, and a 
subsidiary vegetation of dwarf heathy shrubs, grasses, herbs and mosses 
commonly found on acid soils. 

Tree layer. It was a common practice of foresters to plant a mixture of 
pine, larch and spruce. Some of the woods investigated are probably, the 
results of such planting, for the three species are found in all except in one 
which has no larch. But whatever the original proportions the dominant tree 
is now the pine, with, in one wood, larch dominant and pine frequent. The 
spruce is generally an occasional to locally frequent constituent, and silver fir 
is local. 

Although the pine is severely attacked by squirrels, whose peeling of the 
bark leads to the formation of a bushy crown, it looks the most healthy of 
the trees. Larch suffers badly from canker, two or more leading shoots 
generally replacing the original leader, and both pine and larch show miicb 
heart rot {Fomm annosus). Of the broad-leaved trees beech is the only one 
to attain diiiieiisions at least equal to the conifers. Birches^ are frequent and 
may reach a height of 68 ft. (17*7 m.). An occasional Querciis robiir is met 
with in two woods and one tree reaches 35 ft. (10‘7 m.). No acorns are pro- 
duced and Trail does not consider oak native to the immediate neighbourhood 
of Aberdeen. 

Ill regeneration the most successful trees are birch and beech, both being 
represented by trees of varying size from seedlings upwards. Of the conifers 
larch gives some show of natural regeneration aiid all ages are found : the pine, 

^ 111 addition to B. alba and B. puhescens, there are many “ intermediate ” forms. A systematic 
study of the numerous forms of birch, in the North of Scotland is needed. 
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on the other hand,, fails, no young growth having been observed although 
seedlings were collected in one wood. Occasional yomig spruces are found 
and they may be siibspoiitaiieous, whilst the few young silver firs are generally 
in a dying coiiditioii. 

Shrub layer. The shrub layer of rowan is of uneven density. Poorly repre- 
sented ill some parts, even where the light intensity is adequate, it forms 
thickets in others — generally under opener canopy. Whilst the canse of this 
variation is unknown it is correlated with the growth of the pine, for in young 
pole woods where the pines grow faster the rowan is much more common 
(p. 342). Rowans of all ages are found, but many of the small ones occurring 
under dense canopy are several years old. Many are grazed by rabbits. 

Other constituents of the shrub layer are Ilex aquifolium (o.), Lonieera 
periclymenmn (L), Sorbus aria (o.), whilst Rubus fruticosus (agg.) and Rtibus 
idaeus are mostly local. 

Groimd flora: Fifty vascular plants and twenty-nine bryophytes are re- 
corded. 

No. of examples in which species occur 

, 

7 6 5 4 3 2 1 

Vascular plants 11 5 3 2 2 9 18 

Bryophytes 10 4 0 2 3 4 6 

Their distribution in the examples shows the relatively high iiiimbers found 
in all, whilst one-third of the vascular plants and half of the bryophytes occur 
in six or seven of the woods. This high constancy is combined with a relatively 
high average frequency, all species except Blechniini spicant, Holcus Imiatiis, 
Rumex acetosella, ThuuUum taniariscinmn and Dicrandla heteromaUa having 
values of 2*0 or over (list of spp. p. 341). The frequency of Calypogeia tricho- 
manis, which comes into this group, is not recorded. 

Desehampsia flexiwsa is the most frequent plant, covering the ground with 
a low-growing carpet where the pines are denser, but under opener canopy 
sometimes forming a thick mat. Flowering is fairly common although not 
abundant, but after carting and haulage of stems Desehampsia flowers pro- 
fusely between the cart tracks, the trail standing out conspicuously from the 
surrounding vegetation. 

For reasons already given the condition of Vaccimum is probably a truer 
index of the light intensity reaching the floor of the -wood. Where DescJimnpsia 
forms a low mat Vaccinium^ is small (7* 5-10 cm.) and although occasional to 
frequent it is iiicoiispiciioiis ; but with the opening up of the wood it assumes 
dominance, supporting the long straggling leaves of Desehampsia and attaining 
an average height of about 25 cm. Locally it may reach 75 cm. 

Calluna is sparsely distributed through the woods but becomes abundant 
only in open gaps : and this succession to Calluna in gaps lias not always taken 
place. This may be due to purely biological causes, for although Calluna may 
be found under a conjbinuoiis pine canopy as a small attenuated plant 7*5 cm. 
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Significant species of the communities on heath. 


Conifer- Felled area — Bowaii- Beech- 

Life Adult beech formerly birch row^an-birch x^dult 

form coniferwood associes conifervrood associes associes beechwo 


Number of examples ... 



7 


3 


5 


4 

No.^ 

4 

No.* 

4 


No.^ 

Av.t 

No.^ 

Av.t 

No. 

^ Av.t 

No.^ 

Av.t 

Av.t 


Piiius silvestris 

P. 

'W” 




T 


T” 

2*3 


2-2 

'T” 


Larix decidua 

P. 

6 

3-2 

3 

3*2 

4 

2*4 

4 

2-3 

4 

2-0 

9 

1-' 

Picea excelsa 

P. 

7 

21 

2 

2*5 

4 

1*5 

4 

2-3 

4 

1*5 

2 

U 

N. Betula spp. 

P. 

7 

2*5 

2 

2*3 

5 

2*2 

4 

3-6 

4 

2-8 

3 

1*' 

N. Sorbus aucuparia 

P. 

7 

4-0 

3 

3*0 

5 

3*0 

4 

4*3 

4 

4-3 

4 

3-! 

Fagus silvatica 

P. 

7 

2*2 

3 

4*3 

4 

1*8 

4 

2*6 

4 

3-6 

4 

5-< 

Ilex aquifolium 

P. 

4 

2*0 

1 

2*0 

2 

1*0 

1 

2-0 

2 

1-5 

2 

2 h 

N. Lonicera periclymenum 

P. 

5 

1*2 



2 

1*0 

3 

2-*0 

1 

1-0 



N. Rubus fruticosus (agg.) 

P. 

5 

1*8 

i 

2*0 

5 

1*8 

4 

2-0 

2 

U 

N. R. idaeus 

P. 

5 

1*2 



5 

1*6 

4 

1-5 

3 

2-0 

1 

hi 

Soi'bus aria 

P. 

5 

2*0 

i 

2*0 

4 

2*0 

3 

2-0 

3 

2-2 

3 

2-1 

I) eschampsia flexuosa 

Ch. 

7 

4-1 

2 

2*3 

5 

4*6 

4 

3-6 

4 

2-4 

4 

4-( 

V accioium myrtillus 

N.-Ch. 

7 

3*6 

2 

2*3 

5 

3*2 

4 

4*4 

4 

2-9 

4 

5-( 

Galliina vulgaris 

N.-Ch. 

7 

2*2 



5 

3*2 

4 

3-3 

3 

1-3 

2 

2-( 

Trientalis europaea 

G.r. 

7 

2*7 

■ 2 

2-0 

5 

2*9 

4 

2-8 

4 

2-0 

4 

hi 

Galium saxatile 

Ch. 

7 

2*6 

1 

2-0 

5 

3*0 

4 

2-4 

4 

1-S 

4 

2-( 

Luzula pilosa 

H.c. 

7 

2*9 

2 

2*0 

5 

3*2 

4 

2-8 

4 

2-4 

4 

2*( 

Oxalis acetosella 

H.r. 

7 

3*0 

3 

3-7 

5 

1*8 

4 

3-1 

4 

3-0 

4 

2*t 

Potentilla erecta 

H.s. 

7 

2*6 

1 

1*0 

5 

2*9 

4 

2*3 

3 

2-0 

4 

2-; 

Lastrea dilatata 

H.r. 

7 

3*2 

3 

2*7 

5 

2*0 

4 

2-5 

4 

2-8 

4 

2-( 

Agrostis spp. 

H.c. 

7 

2*2 



5 

2*1 

4 

1-8 

4 

1-8 

? 

24 

Blechnum spicant 

H.r. 

7 

1*7 

2 

1*0 

5 

1*8 

1 

2-0 

1 

2-0 

3 

1< 

Goodyera repens 

H.r. 

6 

2*1 

1 

1-0 

1 

I’O 

2 

1-0 





Holciis mollis G.r 

.-H.c.-Ch. 

6 

2*2 

2 

1*0 

4 

2*4 

3 

2-0 

4 

2-0 

4 

24 

H. lanatus 

H.c. 

6 

1*6 



3 

2*2 

3 

2-0 

3 

2-0 



Luzula erecta 

H.c. 

6 

2*0 



5 

2*3 

4 

2*0 

2 

2-0 

i 

2-'( 

Rumex acetosella 

Ch. 

6 

1*0 



4 

1*5 

3 

1-0 





iknthoxanthum odoratum 

PI.c. 

5 

2*2 



5 

2*1 

4 

2*1 

3 

2-*0 

9 

2*{ 

Carex binervis 

G.rad. 

5 

1*6 



5 

2*0 

3 

1*7 

2 

1*5 

1 

hi 

P'estuca 0 villa, (agg.) 

H.c. 

5 

1*6 



3 

1*3 

3 

1-7 



2 

2*( 

Rumex acetosa 

H.s. 

4 

1*3 



4 

1*8 

3 

1-3 

i 

2-‘o 

1 

1*C 

Erica cinerea 

Ch. 

4 

1*8 



5 

2*0 

1 

2-0 





E. tetralix 

Ch. 

3 

2*0 



1 

1*0 

2 

2-0 





Empetrurn nigrum 

Ch. 

2 

1-5 



4 

1*8 

2 

2-0 





Bryopteris lilix>mas 

H.r. 

2 

1*0 



5 

1*4 

1 

1-0 





Poa pratensis 

G.r. 

2 

1*5 



4 

1*8 

2 

1-5 



2 

2-C 

Pteridium aquilinurn 

G.r. 







2 

2-5 

3 

IB 

1 

2*C 

Carex pilulifera 

H.c. 

i 

1*0 



4 

1*5 






* 

Listera cordata 

G.r. 







i 

1-0 





Limiaea borealis 

Ch. 

i 

1*0 






, 




* 

Polypodium vulgare 

PI.r. 

3 

1-7 

i 

1-0 

3 

CO 

1 — 1 

i 

2*0 



2 

1*5 

Pyrola minor 

H.r. 

1 

1*0 





1 

1-0 





Vaccinium vitis-idaea 

Ch. 

1 

1*0 





1 

1-0 





Hypmim sclireberi 


7 

3*6 

1 

2-0 

5 

4*4 

4 

3-4 

2 

2-0 

2 

l-( 

Plagiotliecium undulation 


7 

3*1 

3 

1-7 

5 

2-0 

4 

2-4 

4 

2-0 

4 

IB 

B racliy theciura pur um 


7 

2*9 

1 

1*0 

5 

2*5 

4 

2*0 

4 

2-1 

2 

2-( 

Lopliocolea bidentata 


7 

2*9 

3 

2*0 

2 

2*0 

3 

2*7 

4 

1*7 

3 

IG 

Hylocomium splendens 


6 

2-8 

2 

1*5 

5 

2*5 

4 

3*8 

3 

1*8 

3 

1-2 

H. squarrosum 


7 

2*4 



5 

2*1 

4 

2-5 

2 

2-5 

2 

1*5 

Polytridium pM™osuniand- 
\_ commune 

} • 

7 

2*4 

2 

2-0 

5 

2*0 

4 

2*5 

4 

2-5 

3 

2-C 

Dicranum scoparium 


7 

2*3 

2 

1*5 

5 

2*2 

4 

2-4 

4 

2-0 

4 

1*5 

Hylocomium triquetrum 


3 

2*2 

1 

2-0 

2 

1-0 

2 

2-5 

2 

1-5 

3 

3-C 

Mniuni hornura 


7 

2*2 

3 

2*3 

2 

1*0 

4 

1-9 

4 

2-5 

3 

2-C 

Hylocomium loreum 


7 

2-1 

2 

1*5 

1 


3 

1-8 

2 

2-0 

2 

1-5 

Hypnum cupressif o rme 


7 

2*1 

3 

2-0 

5 

2*5 

4 

2-3 

4 

2-0 

4 

2-C 

Thuidium taraariscinum 


6 

1*8 





3 

1-S 

3 

2-0 



Hypnum crista-castrensis 


4 

1*5 



i 

2*0 

1 

1-0 




Dicranella iieteromall a 


6 

1*3 



1 

1*0 

4 

1-3 

3 

1-3 



Sphagnum acutif olium 


3 

1*3 

i 

1*0 

2 

1*0 

3 

2-0 

2 

1-0 



Calypogeia trichomanis 

Totals of species recorded ; 


6 

• 

2 




2 


2 




Woody plants 



17 


11 


18 


18 


19 


13 

Herbs and grasses 



50 


12 


53 


51 


22 


25 

Mosses and liverworts 



29 


15 


17 


26 


23 


19 


* Number of examples in which the species occurs. t Average frequency. 


Lichens ^ : Alectorla jubata. 

Cefcraria glauea. 

C. glauea mr. failax. 

Cladonia fimbriata var. subcornuta. 
G. furcafca. 

C. macilenta. 


Evernia pruriastri. 
Parinelia physodes. 

P. sax^tilis. 

P. saxatilis /. furfuracea. 
Peltigera canina. 

Perf.nsfl.ria fao-Jnaa 



342 Preliminarif Ohservations on Scottish Beecimmods 

Mgli, yet it is not common, and colonisation by seedlings of a mat of Des- 
champsia probably presents great difficulties. On the other hand there is 
some evidence to show that in these heathwoods dominance of Callun-a some- 
times indicates local soil change. 

Although present in all the woods the distribution of Oxal/is acetoseUa 
within them is irregular. Patches with Descliampsta and Vacomiuni doiniiiant 
may be found with or without Oxalis. Oxalis is occasionally found growing 
through clumps of Spluignum, 

Emphasis has already been laid on the combined action of certain factors 
in causing local variation in the ground flora. Wherever a deep shade is cast, 
for example by thickly foliaged trees like beech and spruce, by a double 
canopy of pine and rowan, or of rowan and Lastrea dilatata, there the weakened 
light intensity, aided by root competition and leaf litter, excludes or almost 
excludes Deschampsia, and Oxalis^ Trientalis and small Vaxxmiiifn become the 
prevailing plants. In the neighbourhood of beech, bare soil is occupied by 
dominant JDeschawipsia, where the litter is 2*5 cm. thick, Deschampsia, Oxalis 
and Vaccmium are found, and where over 2-5 cm. only Oxalis and Vaecmimn. 

An analysis of the raw humus layer shows that recent DescJumpsm and 
Vaccim/mm humus overlies a layer of black peat: on the other hand below 
Calluna and Vacunmm humus is found a layer of Deschampsia remains. 

Prom these data the major changes in the vegetation during the later 
stages in the life history of the conifer plantations can be made out. A two- 
layered community of trees and Deschampsia is first identified. At this stage 
rowan comes in but remains small except under opener canopy. This is suc- 
ceeded by a three-layered community consisting of (1) trees, (2) a shrub layer 
of rowan, and (3) Vaccmium dominant in the ground flora. Finally Vaxcimum 
gives way to Galhma, only in quite open gaps. 

The ground, however, is not uniform, and preliminary observations in 
younger conifer plantations reveal difterences wffiich are obscured in the adult 
woods. For example in a young pinewood about 17 years old and planted on 
ground which formerly carried a conifer crop, the height and density of the 
trees vary much from place to place. Where the trees are taller and dense the 
ground is carpeted with needles, the removal of which reveals a thick layer 
of dead Deschampsia. Where the trees are shorter and less dense, luxuriant 
Oalluna dominates. Again in a wood 33 years old there -were three quite dis- 
tinct facies, respectively correlated with the difierent hdight growths of the 
pines. In these the dominant plants are Oxalis, Deschampsia and Calluna, 
and the average height of the pines was 44*8 ft. (13-7 m.), 36*7 ft. (11*2 m.) 
and 22*5 ft. (6-9 m.). The average number of rowans in 10,000 sq. ft. of the 
three types was 26*8, 6*4 and 4-0. 

With the data at present available it is premature to make further com- 
parison and deduction, but three distinct seres, separable by the vegetational 
changes taking place during the life history of the woods, are suggested. 
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Felled aeeas. 

Near to and in some examples adjoining the woods just described are 
five areas on -wMcli the adult planted conifers have been clear felled. Although 
cut at different dates — one before 1914 , three during 1914-19, and one during 
the winter 1923-4 — the vegetation of the felled area still bears the impress of 
the conifer canopy and the uncut self-sown beech, larch, birch and rowan of 
varying age are set in a patchwork of DescJiampski^ Vaccimum and CJalluna — 
their distribution reflecting, less faithfully with the passing of time, the density 
of the overhead canopy. 

Apart from new species of sporadic occurrence there are none w’-hich can 
be picked out as tending to change the aspect of the vegetation. Change does 
not come by the replacement of the existing vegetation by new species but 
by the elimination of woodland species and an alteration in the proportions 
of those already present. Of the woodland species Oxalis lingers in shaded 
places, for example under isolated beeches, clumps of birch and rowan and 
in the hollow of a decaying stump. It is decidedly more frequent in the 
recently cut wood but rare (occurring only in a hole in the ground) in the area 
felled before 1914. Lastrea dilatata is suffering the same fate and surviving 
individuals are smaller and paler in colour than under canopy. Goodyera 
repens goes out soon after felling. 

The altered conditions affect the bryophytes to a greater extent. Call/- 
pogeia trichomwnis^ Dicranella heteromalla, Hylocomium loreum, Hypnuni crista- 
castrensis, Mnkim hornum and Tkiiidimn tcimiariscinum are almost or quite 
eliminated, whilst the following show a decidedly reduced frequency: Hylo- 
comimrij triquetrum^ Lophocolea bidentata and Plagiotlieciuni undulatmn. On 
the contrary Hypnum cupressiforme and H. sclireberi show an increase. 

After the felling of the trees and exposure to full sunlight Pesclianipsia is 
stimulated to vigorous vegetative growth and profuse flowering, and it rapidly 
forms a thick mat of raw humus. Calluna responds in the same way but 
Vaccinium shows no noticeable change, although it flowers and fruits more 
abundantly than in open woodland ; only those suppressed individuals found 
under the heavier shade in the woodlands increase in size, but show little sign 
of spreading. The altered conditions therefore favour DescJmmpsia and Calluna 
relatively to Vaccinium. When comparison is made between recently and 
older-felled areas the persistence of the patchwork is noticeable, each of the 
three species holding its own with remarkable tenacity. The final struggle lies 
between Deschampsia and Calluna: and Calluna wins. The following evidence 
supports this. The patches of heather are extending vegetatively at the ex- 
pense of Deschampsia, the dead remains of which are found under the ad- 
vancing margin. But the mat of Deschampsia is unsuitable for Calluna ecesis, 
and seedlings are found only near and on stumps, along rabbit runs, and on 
old cart tracks. Further, a fringe of Calluna is commonly found bordering 
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footpaths. Tliiis while Descham/psia offers formidable barriers to Calhmia 
establishment, which are locally broken down by biotic influences, yet the 
ultimate — though delayed — dominance of Galluna is assured and the felled area 
passes over to heath. The heather owes its supremacy to its taller and denser 
growth form, particularly when young. As it grows older it becomes ''leggy/’ 
opener, unable to remain upright and allows a luxuriant growth of mosses. 

The trees left behind after felling must have found suitable conditions for 
germination, establishment and growth in the planted coniferwood. The 
question now arises how far these are capable of multiplication in the changed 
conditions. There are, it is true, many individuals of rowan and birch -which 
look as if they are quite young and had sprung up after felling, but these 
may be, and very probably are, the suppressed individuals which are found 
ill the denser parts of the adult wood and which have responded to the in- 
creased light intensity. No small rowans and birches can definitely be said 
to have germinated and grown up after felling, and it appears as if the mat of 
Desclimnpsia is unsuitable to their establishment. An experiment laid down to 
test this as yet yields no results, but the frequency of rowan and birch hears 
no relation to the duration of the period since the -wood was f elled. In the absence 
of experimental proof it is premature to give a decisive ans-v^er, but the belief 
is held that, even if some row'ans and birches do appear, the rowaii-birchwood 
to be described later does not arise de novo by the invasion of felled areas^. 

On. the other hand when reversion to heath takes place, pine is clearly the 
most successful, although it is never an abundant, invader, whilst scattered 
birch and rowan are also found. But the available evidence goes to show that 
Calluna remains dominant and that pine, birch and roWaii exist as isolated 
trees unable to reconvert the heath to woodland. Beech is occasionally found 
as a survivor from woodland, but old trees, grown for more than a century 
on the edge of “natural” undrained heath, are unable to colonise it (Fig. 3). 

The bowan-biegh assogies. 

We have just seen that the clear felling of conifer plantations does not 
give rise to conditions suitable for free colonisation by rowan and birch. Yet 
undoubtedly the rowmii-birch associes occupies the site of coniferous wood- 
land, and the question arises under what conditions can a coniferwood he 
followed by a rowaii-birchwood and thereby hindered from retrogressing to 
heath? Evidence on this question has been obtained from four areas— three 
of them narrow strips to leeward of beechwoods (ihg. 3, and Fig. 1, Part I), 
and one occupying several acres and a relatively isolated position on a north- 
facing slope (Fig. 1). The description given applies mainly to this last. None 
of the woodlands has reached maturity. 

^ An enclosure was made in the summer of 1928 and was last examined in September 1930. 
No seedlings of birch or rowan had appeared. The most significant change was the spread of 
€ alluna Sbt the ex’pensQ oi Vaccinium Bjiad lOeschampsia. 
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Rowan and bircli are present in varying proportion, with, rowan generally 
more abundant than birch, but each may be locally dominant. The average 
height of the birch is from 20-25 ft. (6-l-7'4 m.), rowan 16 ft. (4*9 m.). 
Whitebeam is an occasional constituent. Beech (o.~— Id.) of all ages (from 
seedlings upwards) and forms (from pioneers with widespreading crowns to 
poles free of lower branches) is found, and it is clear that this species is 
spreading, though slowly. One older beech is 60 ft. (18*3 ni.), and thus far 
outstrips' the rowan and birch. Conifers are generally occasional but may be 
locally dominant in small groups of planted and relatively young trees. 
Subspontaneous larch and spruce are local, and occasional young pines of 
varying age are found. Conifer stumps are found throughout the wood, many 
being buried by the growth of Vaccinium. 

A comparison of the ground vegetation of coniferwood, felled area and 
rowan -birchwood reveals what exactly has happened. This comparison (list 
of spp. p. 341) shows that on the whole there is general agreement between 
the frequencies in the two woodland communities and that the values found 
in the coniferwood and altered (either up or down) by felling, tend to be 
reproduced in the rowan-birch wood. But there are certain anomalies : Calluna 
maintains its increased frequency, Descliampsia shows a significant drop, and 
Vaccinium a big increase. Some account of these species and one or two 
others is given before an explanation is ofiered. 

By the formation of a canopy of birch and rowan a change in the relative 
frequency of the three main species has recently taken place — the change 
being the reverse of the succession of stages found in the growing coniferwood. 
Vaccinium^ which averages 25-37*5 cm. under a varying but open canopy, in 
open places reaching 90 cm., is replaced under shade by a carpet of Des- 
champsia in which Vaccinimn shoots 7‘5“10 cm. high rise from the rhizomes 
of the taller and still erect but dead shoots. The discontinuous patches of 
Calluna — as distinct from the gaps where Calluna is dominant — give way 
directly to Descluimpsia without showing an intermediate stage of Vaccinmm, 
Thus Vaccinium has been more abundant than it is now, and Descliampsia 
is spreading at the expense both of Calluna and V acciniiim. This result is 
probably due mainly to the increase in size of the individual trees and not so 
much to their recent increase in number. 

Among other species of which mention may be made Goodtjera is rare and 
Lastrea shows a reduced frequency compared with that in the adult conifer- 
wood. Oxalis is generally frequent and is found among Vaccinium and Calluna 
except where the latter is dominant. Local soil variation is perhaps indicated 
by the greater frequency of Oxalis where birch is locally dominant. Here the 
humus is less raw and this local variation perhaps corresponds to the young 
coniferwood with Oxalis dominant (p. 342). 

An interpretation of these phenomena is now advanced. From the occur- 
rence even in open places of the essential constitution of a woodland flora it 
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is clear tliat tlie areas never retrogressed to heath: but it is equally clear that 
the conditions allowed Ckdlmm and especially Vaccmium to spread. Now 
Vmcinmm does not show" extension in the felled areas, and the coiicliisioii 
reached is that both Viwemkmi and Galluna sjnead under condition.s such as 
those wdiich obtain in an open coniferous woodbind. This is supported by the 
evidence from the occiiiTence of Desclianypsia,. Although spreading, this species 
shows a reduced frequency compared with that for the adult coniferwmod 
taken as a whole and the felled area, a frequency such as is found in those 
parts of coniferous woodland which are dominated by Vacckmim. Again, the 
general distribution of Oxalis even in places where the w^ood is open indicates 
that full exposure has never been so great nor so prolonged as to eliminate 
Oxalis from the flora, as happens after felling of the conifer plantation. The 
reduction in frequency of OxaMs in opener areas bearing Vacciniuni is paralleled 
by the similar reduction in the later life history of the coniferwood when 
Vaecimum becomes dominant. 

A coiiifeiwvood wdiicii w"as gradually opened out either by wind throw^s, as 
is evidenced locally from the upturned roots, or by selective felling, wmiild 
provide the conditions found suitable for the extension both of Calluna and 
Yaccinimn, and the preservation of shade plants like Oxalis, The openings 
made w^ere colonised by birch and rowan, which, growing up in thickets, 
suppress Yaceinium and Calltma and enable once more to spread. 

Thus the rowan-birch associes may be considered the lineal descendant of the 
shrub layer of the planted coniferwn>od. 

In one area (Fig, 1) a fragment of the rowan-birch associes Type 1, .exists. 
The birch is taller (35"-4(} ft. : I0*7-12'2 m.) with rowan forming a shrub layer 
reaching to 20 ft. (6*1 m.). Young beech is occasional, and the pole beeches 
have the clean-looking white stems characteristic of thriving trees. In the 
subsidiary vegetation (Jallmia is occasional, Yaceinium abundant to dominant, 
Descliampsia and OxaMs frequent to locally abundant and Pteridimri locally 
dominant, reaching to 6 ft. (1*8 m.). The most noteworthy difference is found 
in the abundant Anemone which is occasional or local only in the other type. 

As to the fate of the rowan-birch associes nothing definite can he said, but 
a doubt may be expressed of its ability to maintain itself indefinitely. As the 
trees grow older and open out Callmia will spread from those nuclei where it 
is definitely established .and in which subspontaneous pine appears as the 
most, successful invader. Thus in the diagram on p. 331, although this retro- 
gression is marked doubtful it is regarded as likely to occur. From observa- 
tions in other areas on Deeside, its existence in Type 1 as a self-reproducing 
unit, is scarcely in doubt. 

The beech associes. 

The beech 'associes has^its origin in the invasion by the beech of the adult 
coniferwood (Fig. 7 and list of spp. p. 341 , column 2) or the rowan-birchwood 
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(Fig. 6 and column 6). The lists of species, oMained from three and four 
examples respectively of the two associes, which are of different origin, are 
given separately, although it appears certain from the size of a few of the 
beeches that beech existed in the coniferwood which preceded the rowan- 
birchwood and that some regeneration took place before the conifers were 
removed. No separate treatment is therefore given. 

Ill all examples it is clear that the origin of the invading beech is from the 
shelterbelt beechwoods adjoining (Figs. 1, 2, 3, and Fig. 1, Part I) or from 
marginal trees aided by an occasional old beech in the invaded woodlands (Fig. 
3). The width of the invaded zone is in all cases small, an observation whicli 
supports conclusions already reached on the slow rate of beech migration. 

The frequency of the beech varies much in the different examples and in 
different parts of one and the same woodland. Generally abundant, it varies 
from occasional to dominant. The frequencies of the other trees vary similarly, 
with rowan the most frequent in the rowan-birch-heech associes (average 
frequency 4*3). Dead birch, rowan and whitebeam — the two last surviving 
longer and sprouting from the base when the main stem is killed by shade — 
bear witness to the advance of the beech. 

The age of the beeches ranges from seedlings to fairly old trees. Some 
examples show a fairly uniform number of stems of different ages : in others 
there is a high proportion of one age, mostly large saplings (contrast Figs. 6 
and 7). The one extreme shows the method of invasion called ‘‘enclave” in- 
vasion already described in my account (28) of the beech’s entry into and 
conquest of the narrow ash-oak associes of the South Downs; the other, niass 
invasion by the progeny of a good mast year under conditions suitable to the 
survival and growth of the young plants. The forms of the stems and crowns 
vary according to the method of invasion and the density and height of the 
accompanying trees. Thus mass invasion with or without the overhead canopy 
induces the formation of fairly straight stems, but pioneer forms appear under 
open conditions and are therefore found only in the associes derived from the 
opener parts of rowan-birchwood. 

The most notable change in the ground vegetation is the reduction in 
number and frequency of vascular plants, from fifty in the adult pinewood to 
twelve in the beech associes derived from it, and from fifty-one in the rowan- 
birch associes to twenty-two in the corresponding beech associes. This re- 
duction, due to the entry of the beech, is brought about by the density of the 
overhead canopy, by root competition and by the thickness of the beech leaf 
litter, the normal leaf fall in many examples being augmented by the litter 
blown from the shelterbelt beechwoods on the windward side. Influenced 
by these factors acting separately or together the frequency of the 
different species varies in the different examples and in different parts of the 
same example: parts of the floor are almost devoid of plants, parts bear relict 
vegetation of the invaded woods. 


23-2 


PreUminanf Observations on Scottish Beechivoods 




349 


A. S. Watt 

The diminution in the light intensity, most marked where the beech forms 
a continuous under-canopy to conifers, eliminates or causes a reduction in 
the frequency of light-loving plants such as Calluna, which survives in gaps 
only. The behaviour of reflects the change that has taken place. 

Dominant in gaps, sometimes reaching 76 cm., its stems are killed back under 
heavier shade but are replaced by new shoots (10-15 cm.) coming up from 
the rhizome. Its former abundance is demonstrated by removing the beech ' 
litter, under which there is found a layer of rhizomic remains. Beschmnpsia^ 
as a small plant, survives the heavy shade on boulders or small mounds where 
the leaf litter does not lie. Locally under the leaf litter its dead remains are found . 

While the presence of leaf litter thus aids in reducing the number and 
frequency of species, handicapped by root competition and shade, it brings 
into prominence those which can accommodate themselves to it or are actually' 
favoured by it. Thus in parts of the conifer-beech associes, where the shade is 
not limiting, the frequency and vigour of OxaMs is increased. From measure- 
ments of the length of the petioles Oxalis can survive in beech leaf litter to a 
depth about 15 cm., and wherever the plant is found growing in litter appa- 
rently exceeding this depth, investigation shows it to be rooted in the humus 
capping a boulder projecting above the surface of the mineral soil. Tfientalis 
also survives in 15 cm. of leaf litter, but where the litter is of greater depth 
Lastrea and Yaccinium are the sole survivors — the former under shade, the 
latter in gaps. 

Ill the conifer-beech associes there are only fifteen hryophytes as compared 
with twenty-nine in the adult conifer wood, but there is a reduction of three 
only (from twenty-six to twenty-three) in the rowan-birch-beech associes. The 
explanation of the difference probably lies in the less complete occupation 
of the ground by the beech and the provision, on the upturned conifer root 
systems, of mineral soil uncovered by leaf litter. On the whole there is a re- 
duction in frequency similar to that found for the vascular plants, and locally 
the survival among the beech leaf litter of the taller- growing species of Poly- 
tfichuniy of Dicranum scoparium and Hylocommni triquetrum is noticeable. 

The beech associes of Type 1 is represented by two woodlands, one occu- 
pying the south slope of Fintray Wood (Fig. 1). The other is not figured but 
is found on the Countesswells Estate about half a mile west of the woodlands 
depicted in Fig. 2. The former is derived from the rowan-hircli associes, which, 
as the stumps show, was in turn preceded by a conifer wood; while the latter 

Fig. 6. Ground and profile transect (along the line OD in Fig. 3) from near the edge of the 
planted beechwood (to the left, beyond the figure) through the heecdi-ro wan- birch associes 
and the rowan-birch associes. The direction of beech invasion is from left to right. The site 
was originally occupied by a eoniferwood (v. stumps). This had already included some 
beeches (large Fi and To the right of the figures the ground is colonised by Sorhus 
aumparia and some Betula forming the rowan-birch associes. This is now being invaded by 
beech. The profile transect includes trees in the neighbourhood of the broken line and show^s 
the stem and crown forms and the relation of the beech to the other trees. 
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originates by the invasion of a coniferwood from marginal and old beeches 
within the wood and coeval with the conifers. These woodlands show a struc- 
ture similar to that described and both enclave and mass invasion are repre- 
sented. The older beeches are on the whole taller and the saplings and young 
poles are straighter and with whiter bark than in the woods already described. 
Here Yaccinium is much less conspicuous and instead of a layer of rhizomes 
' under the leaf litter there is found a structureless peat, indicating a more 
rapid decomposition of the raw humus. But dead erect stems are found and 
a layer of rhizomes caps projecting boulders. The chief difference, however, 
lies in the spring facies of abundant to dominant Anemone. Oxalis is occasional 
to co-dominant. 

Part of the Fintray Wood (Fig. 1) is exposed to southerly winds. The 
dominance of the beech is more complete, a shrub layer is absent and the wind 
blows freely below the canopy (height of beech up to 74 ft. or 22-6 m.), leaving 
in the foreground a rubble of beech cupules and in the rear a compact stratum 
of laminated beech humus which had accumulated when the associes was 
younger and the sphere of action of the wind less extensive. Under this layer 
of humus are found the remains of Yaccinium with some Deschampsia. 

The ground is almost devoid of plants. Yaccinium to 5 cm. is occasional : 
Descliampsia is occasional but locally dominant on the southern margin where 
there is more light. Anemone is occasional, small (2-5 cm.) with small leaves 
and not flowering. Pteridiuni is occasional (up to 30 cm.) under shade, and 
locally dominant along the margins. Oxalis is not recorded. 

Mosses are more conspicuous with Mnium Jiornum and Hypnmn cupressi- 
forme the most frequent. 

But the origin and structure of this exposed part are the same as for the 
associes behind, except that the absence of litter and exposure to wind has 
modified the groimd flora. 

Beech WOOD. 

The consociation nucleus. 

The beech associes, originating either in the coniferwood or the rowan- 
birch associes, gives rise to a woodland in which the beech by suppressing its 
competitors becomes dominant and practically pure. Two small examples are 

Fig. 7. (Above.) Ground transect along the line AB in Fig. 3, from the line of old beeches (^j) — - 
two of which are shown on the left — into the adnlt pine wood (with some larch). The frequency 
of the subspontaneoiis beech {F) decreases with distance from the parents: in their neigh- 
bourhood young beech with Sorbus aumiparia forms a continuous snbcauopy to the pines : 
to the right and beyond the limits of the figure young beech is rare. Sorhus aucuparia and 
Betula spp. are more frequent where the frequency of the young beech is greater, and in 
gaps, for example between the pioneer beeches, birch colonises freely. Siibspontaneous 
larches a-re common but many are dead or dying. The absence of pine regeneration is to be 
noted. 

(Below.) Profile transect along the broken line throiigli a relatively open part of the 
wood showing the stem and crown forms of the trees and their relative positions. 
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found ill wliicli the process has taken place, one belonging to Type 1 (Fig. 1) 
in which beeehwood replaces the rowan-birch associes, the other belonging to 
T37‘pe 2 and having its origin in the coniferwood (Fig. 2). The two are con- 
sidered together. 

Although a majority of the beeches are fairly tall and of similar size, some 
are younger and grow up in gaps not hitherto fully stocked with beech. The 
tallest reach 64 ft. (19*5 ni.) (Type 1) and 71 ft. (21*7 in.) (Type 2) and are 
probably in late middle life, the former from their appea, ranee being younger 
and likely to grow taller. The stems are relatively straight and free from 
branches. Occasional living and dead birch and pine are found in the respective 
examples and in both relicts of the shrub layer are seen in the occasional dead 
rowans. Seedling beeches are occasional to frequent and may survive the 
third year. 

In both the ground is for the most part without plants. In Type 1 the 
subsidiary vegetation is represented by sparse Anemone^ Oxalis and Luzula 
pilosa: mosses by Mfdum Jiarnum, Plagiotheei/um undulatiim and PolytrieJmni 
fomiosufn. The humus is 5 cm. thick and no layer of Va-ccinmm rhizomes is 
visible, but on digging dead rhizomes of Pieridium are found. 

In Type 2 the most prominent plant is Vaccmdimi (f.— a.) which is small 
(occasionally up to 15”~20 cm.) with leaves subnormal in size. Desekmn/psia 
is occasional and found only on stumps, boulders, etc. Luzula pihs€i is also 
occasional. With the exception of Pohyt/rkdimn spp, and 

which grow up through the leaf litter, all the mosses are found on knolls. The 
beech humus is from 7*5 to 10 cm. thick, the upper layers laminated, the lower 
more decomposed. Below this are found 'Vacmmim rhizomes and a layer of 
structureless peat 2*5“3*8 cm. thick. 

It is thus clear that owing to the thickness of the slowly decomposing 
beech leaf humus, there can be no Deschampsia stage in the life history of the 
sheltered pure beeehwood (Type 2). In Type 1 on the other hand there is 
likely to be an Anemone-Oxalis stage before maturity is reached. 

The adult beeehwood. 

No siibspontaneous adult woods exist in this neighbourhood, but it is 
assumed that the consociation nuclei will develop a structure and floristic 
composition similar to the four small planted beech’woods now described. In 
two of these the beech has been planted with conifers (now mostly removed 
or suppressed so that the beech is almost pure) and two are strips marginal to 
Deschampsia shelterbelt wmodlands and represent the mature structure of these. 

There are only fifty-seven species in all — thirteen woody plants, of w^hich 
six are native, twenty-five herbs, grasses and dwarf shrubs and nineteen 
bryopliytes. This total is only a little over one-half of the number found in 
the adult coniferwood, felled area and rowan-birchwood. Beech of course is 
dominant, rowan coming next with an average frequency of 3-9. In the ground 
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vegetation YacGinium dominates. Despite the leaf litter, held in place by 
Vaccinium^ Desohampsia has a high average frequency (4*0), a result due to 
the support which its long leaves receive from the Vaccinium stems and to 
the fact that the vigour of Deschanipsia is actually increased by beech leaf 
litter when its leaves can rise above it. A similar effect is seen in Holcus mollis 
with an average frequency of 2*9 — a figure higher than that recorded from 
any of the heathwoods described. The other species listed on p. 341 have for 
the most part an average frequency less than that found in the coniferwood, 
felled area or rowan-birchwood. Among bryophytes the only species with a 
high average frequency is Hylocomium triquetrum (3*0), the rest having values 
of 2*0 or less and usually less than those recorded from the earlier stages of 
the succession. It may again be pointed out that no species is exclusively 
found in the beechwoods, and that all occur in one or other of the communities 
already described. 

Life form. 

The spectra of the beechwoods are characterised by the absence of thero- 
phytes and a high percentage of chamaephytes. 



P. 
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H. 
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The affinity of these beechwoods to the heath communities among which 
they have been planted is brought out by the close correspondence of the data 
(p, 333). It is to be noted, however, that the rosette and caespitose hemi- 
cryptophytes increase their relative numerical strength in the beechwoods. 

The height and form of the beeches vary: in the shelterbelts they have 
clean straight stems, in the coniferwood relatively wide-spreading crowns and 
no great height (about 65 ft. or 20 ni.). Besides the planted adults, occasional 
to locally frequent siibspontaneous young beech is found. The height of the 
rowan increases with distance from the beech stems, being small (about 30 cm.) 
directly under the beech crowns and increasing to 10 ft. (3 m.) in opener parts 
between them, f accimum varies in the same way with an average height of 
about 25 cm. 

Structure and life history. 

The examples are relatively open — a plot of 10,000 sq. ft. containing only 
thirteen adult beech, one young beech, two small oaks (the taller 46 ft. or 
14 m.) and one larch (59 ft. or 18 m.), so that the rowan shrub layer although 
varying in height is fairly well defined. The dwarf-shrub layer of Yaccinmm 
is continuous and herbs and grasses are inconspicuous by contrast. The layer 
of bryophytes is practically suppressed by the beech humus (10 cm. deep), 
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under wtich^ in the adult shelterbelt beecliwood^ DescMmiifpsia remains are 
found. 

Tliese four woods liave been planted, but they may be taken as repre- 
senting the adult condition of the subspontaneoiis consociation nuclei. The 
normal development of these nuclei would therefore show a floor at first almost 
destitute of plants until Vaccmmmi made its appearance, -wlieii with further 
opening out of the canopy a shrub layer of rowan would be added to the 
continuous carpet of the V acMnium dwarf-shrub layer— a structure identical 
to that found in the adult pinewood. 

The presence of young beeches of varying age shows that gerniiiiatioii and 
establishment conditions are suitable to the beech, and indicates the possi- 
bility of the present planted adult woods being succeeded by subspoiitaiieous 
beechwood. 

Eepresenting the adult condition of Type 1, there is one example of an 
open beechwood on ridged soil, whose structure is similar to that described. 
The floristic composition, however, differs by the presence of Anemone (o. — If.) 
and the higher frequency of Oxalis (f. — a.) and Pteridimn (m.l.a.). It is of 
interest to note that in the hollows between the ridges the remains of both 
Desehampsia and Holeus moUis are found below the accumulated beech litter. 

Putting together therefore the facts relating 'to the beech associes, conso- 
ciation nuclei and this adult beechwood, the life liistor}^ of Type 1 beechwoods 
would show an Oxalis- Anemone stage followed by one of Vnceinmni (with 
Anemone), 

In the adult beechwood, young beeches are locally frequent but are kept- 
down by 'the grazing of cattle. 

Thu status of the vec^etation and its fate. 

The contrast between the historical records of the vegetation and what 
exists now is eloquent testimony to the labour’s of past generations of the rural 
inhabitants of Aberdeenshire; and it is not commonly realised that much of 
this change is relatively recent (p. 323). By trenching, draining and the re- 
moval of boulders, heath has been converted to arable land and plantations 
made witli little soil preparation except the essential one of drainage. Under 
present conditions the open drains are much neglected, and in many oases 
cease to perform their function adequately, but the fact that the woodlands 
are small and in most examples adjoin arable land,' the maintenance uf w^hose 
fertility depends upon good drainage, to some extent mitigates the evil effects 
resulting from neglect and retards retrogression to heath. 

The lack of pine regeneration in the coniferwood prepares the way for a 
speedy retrogression: and when next the pine appears it is as a colonist of 
heath. The removal of trees by clear felling has as a result the re-establishment 
of heath, aided no doubt by the raising of the water table; but by the gradual 
and selective felling of the conifers this- process of retrogression is retarded 
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Iby the interpolation of a rowan-birchwood. Thus these woodlands of pine 
and rowan-birch owe their existence and maintenance to human activity^, the 
former by planting, the latter by a method of woodland exploitation — and 
both by drainage. Left to themselves reversion to a heath with scattered pines, 
rowans and birches would take place. The fate of the beechwoods is discussed ■ 
below, but it is held that they are unable to maintain themselves indeiinitely : 
and that reversion will take place. Further, beech is apparently unable to 
colonise undrained heath. 

The vegetation described is therefore post-climax and maintained by man. 

Prom evidence outside the four areas described it is concluded that on 
Type 1 soils on Deeside there is a natural succession from heath through birch- 
wood to oakwood. Here, in the neighbourhood of Aberdeen, the evidence is 
in favour of beech attaining a more permanent footing and forming the climax. 

The question of the status and influence of the beech is a matter not only 
of purely academic interest but to foresters of great practical importance, and 
although pure beechwood is of small extent, with a. short history behind it, 
yet some discussion on the evidence of its permanence and the part it plays 
on this soil (Type 2) is desirable. 

The account of the growth and development of the beech in the rowan- 
birch wood and coniferwood, culminating in the appearance of the consociation i 
nucleus, clearly shows that the existing conditions both in the coniferwood and 
the rowan-birchwood have been and are satisfactory for beech establishment. 
Further the existence of young beech in the adult beechwood gives promise 
of a subspontaneous wood replacing the present planted one and suggests the 
possibility of beechwood being self-reproducing and stable. i 

Against the possibility of its permanence one important fact has to be | 
borne in mind. In our oceanic climate and on this soil type the bulky beech 
litter does not readily decay and by accumulation forms a thick laminated | 
humus which does not become incorporated with the mineral soil below. I 
This accumulation will go on so long as a beech canopy is maintained, and | 
the litter settling down sets up conditions favourable to leaching and hostile i 
to soil aeration and normal growth of the tree (cf. Part I, p. 152). In this I 
way it is believed that the beeches would gradually die out and give place. | 
to a heath vegetation capable of growing under the unfavourable conditions : I 
and this result, being due ultimately to the soiFs rejection to leaf litter and to j 
the local climate under the beech canopy, will take place whether man’s | 
present influence is maintained or not. ; 

The formation of an undesirable raw humus under beech is by no means I 
confined to the north, but occurs also in the south, where, on soils with a I 
distinct podsol profile and bearing the oak-birch-heath association,” a black I 
felt of dry peat (Trockentorf, mor) is commonly found. 

The conclusion that beech induces soil degeneration leads to a qualified I 
acceptance of the text-book (German) teaching on the use of beech for under- [ 
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planting liglit-deinaiidiiig trees on poor soils. In Central Europe beeclh. is 
regarded as a ^'soil improver'’ in virtue of certain qualities wliicli ameliorate 
botli the physical and chemical conditions of the soil. Now this beneficial 
action of the beech is conditioned by climatic and soil factors (among which 
the CaCOg content is important (12)) which, over wide areas on the continent, 
form a complex optimal for the o1)ject in view, but which in this coiiiitry is 
siiboptimal and on certain soils, definitely harmful. A full discussion of the 
role of beech in silviculture and of the ways in which beech acts on the soil 
would be out of place here, but it is interesting to record that the experience 
of foresters in north-east Scotland and in northern England ( 30 ) is dia- 
metrically opposed to the imported and unqualified German teaching and is 
in harmony with the position stated above and with the experience of foresters 
in the northern countries of Europe, e.g. Miiller (16). It is thought that this 
majr also be true even of beech (? native) in south-east England. 

These remarks apply to beech in continuous canopy and not to the use 
of occasional beeches in coniferous woods. 

The persistence of beech as the climax on Type 1 soils is doubtless of 
longer duration, but even here, although litter decay is more rapid, it may 
be questioned if beech is permanent over an extended period. In some of the 
beechwoods of the Chiltern Hills plateau, a thin but definite bleached horizon 
is found; and in Sweden, Liindl)lad ( 15 ) has shown that under a beech canopy 
a brown earth soil may degenerate. Thus by a change in the local climatic 
conditions due to a beech canopy the rate of humus decay is de].>ressed, humus 
accumulates, leaching is accentuated and the soil degenerates. 


SUmiABY. 

The introduction of the beech to Scotland and its subsequent widespread 
use in the formation of shelterbelts to protect crops and stock emphasise the 
lack of native trees suitable for the purpose. The beech has been planted 
throughout the lowlands of Scotland, sets seed as far north as Caithness (lat. 
58° 30') and in Strathdon (lat. 57° 10') survives up to an altitude of 1350 ft. 
(411 m.), altlioiigh seedlings have not bee.n seen at an altitude higher than 
700 ft, (213 m.)— lat. 57° 18'. Thus the climate of the lowlands of northern 
Scotland is quite suitable for its growth and' reproduction, followed, where 
opportunity oSers, by establishment and successful competition with native 
and alien trees. 

In Part I an account is given of the shelterbelt beechwoods commonly 
planted in strips in exposed situations throughout the north-east of Scotland. 
There are two types of these, the Desckmnfsia type and the Holous type, 
named after the grasses Beschampsia flexuosa and Holcus mollis, respectively 
dominant in the ground vegetation. Their floristic composition, structure, 
biological spectra an(| habitats are compared and the main differences noted 
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are found to be correlated with, the degree of exposure to the prevailing south- 
west winds. In very exposed shelterhelts the leaf litter is blown away; Holcus^ 
in these circumstances, is unable to compete successfully with the beech roots, 
and Deschampsia forms a mat : in less exposed situations or in the more 
sheltered parts of exposed shelterhelts, the low-growing Deschampsia mat is 
absent or is covered and killed by the beech leaf litter; and Holcm, whose 
leafy erect shoots help to retain the litter, dominates. 

Generally the species characteristic of the Holcus type find the habitat of 
the Deschampsia type limiting or suboptiinal, whilst those characteristic of the 
Deschampsia type are or tend to be excluded by competition with the taller 
growing forms of the Holcus type which help to retain the beech leaf litter. 

On steep sheltered slopes and on fertile soil (all the examples investigated 
grow on soil derived from Old Eed Sandstone) beech woods with a ground vege- 
tation dominated by herbs {Anemone nemorosa, Stellaria nemormn, Sanicula 
europaea, Luzula maxima) are found. 

The grassy beechwoods are related to heath and the dry oakwood: the 
herbaceous beechwmods to the damp oakwood of the lighter loams. 

The behaviour of the beech towards the semi-natural vegetation and 
planted conifer woods of four acres near Aberdeen is worked out in Part II. 
The affinities of the vegetation on these areas to the heath pinewoods on 
Deeside are chiefly with the Deschampsia^V accinium and locally with the 
Oxalis-Anemone-Rubus (Vaccmium) types. 

The original vegetation, probably heath with scattered pines (P. silvestris 
var. scotica), birches and rowans, nowhere exists in its primeval condition, for 
most of the land has been cleared of boulders, drained, trenched and brought 
under arable cultivation. Some of what remains has been planted with 
conifers (chiefly Larix decidua and Pinus silvestris), and apart from the cutting 
of a few shallow open drains, now mostly neglected, the soil is left undisturbed. 

The soil is a podsol or a podsol-glei, and data respecting its chemical 
composition, profile, depth and hydrogen-ion concentration are given. 

The vegetation is essentially heathy. The coniferwoods on clear felling 
leave behind a patchwork dominated by Calluna vulgaris, Vaccinium myrtillus 
and Deschamjma flexuosa. If the felled area is left alone Gallima spreads and 
reversion to heath ultimately follows. A return to dense woodland apparently 
does not take place, but scattered subspontaneous pines appear and form a 
pine-heath. If, on the other hand, the coniferwood is selectively and pro- 
gressively felled the shrub layer of rowan together with spontaneous birch 
forms a rowan-birchwood. The fate of this is uncertain, but there is evidence 
for the belief that this also reverts in time to a Calluna heath, although the 
retrogression is delayed. 

Wherever beech adjoins coniferwood or rowan-birchwood invasion takes 
place and beechwood results. Beech, however, is unable to colonise the ground 
which has reverted to Calluna heath. 
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The inability of spruce {Picea exeelsa) to regenerate is of interest^ because 
northern Scotland is a vegetational outlier of the Evergreen Coniferous Forest 
of northern Eurasia. 

Some factors influencing the succession and the coiiipetitioii. between the 
more iinportarit species are next discussed. The taller growing and more shade 
eiidiiriiig beech with its accommodating root system competes successfully 
with the ]3iiie, larch, birch and row^an. In the life history of the even-aged 
coniferwood a DescJmm/psia stage is followed by one of Vciccinium. In this 
sequence the light needs of the succeeding dominants is important,, but tree- 
root competition affects the vigour and flowering of the tliough 

it has no influence on Vacoimum, In the felled area the mat of Deschmnpsia 
offers almost insurmountable obstacles to Oallmia ecesis but Calhma is able 
to overcome Desclia/ryipsia by slow vegetative spread. 

These conclusions are applied to the interpretation of the vegetation of 
the different plant comimiiiities next described — planted conifer wood, felled 
area, row^an-bircliwood, beech associes and Ijeechwood. 

The analysis of the adult beech'wood shows, in its floristic composition, 
structure and biological spectrum, an essential unity with the neighbouring 
heatiwoods. In particular no species alien to the heathwmods is found, and 
the subsidiary vegetation consists of those native species wdiich can put up 
with the new co.iiditi,ons, particularly with vsliade and deep humus. 

The application of the historical and vegetational data to the settling of 
the status and fate of th,ese wuiodlands leads to the conclusion that they form 
a sere leading to a post-climax dependent on the maintenance of human 
control. The natural tendency to humus accumulation on a podsoi in an 
oceanic -cliniate is accentuated by the depressed activities of the organisms of 
decay working in a woodland climate whose summer mean temperature must 
be lowered by the shade of beech. The litter accumulates, forming a thick 
laminated raw humus hostile to beech regeneration. Beechwood therefore 
■will eventually degenerate to heath: and this seems true for the beechwmods 
allied to the OxaMs-Anemom-Rubiis woods of better soils as well as for those 
related to the Desckampsia-Y aecinium pinewoods. 

i 

"It is a pleasure to acknowledge my indebtedness to the many proprietors 
for free access to their woodlands — in particular to Sir Sydney J. Gammell 
of . .Comitesswells. Grateful acknowledgment is also ma.de to^ the Carnegie 
Trust and to the Royal Society for 'financial assistance. Finally, I again wish 
to place oil record my deep indebtedness to Professor Tansley. 
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SKETCHES OF THE VEGETATION OF SOME 
SOUTHERN PROVINCES OF SOVIET RUSSIA 

By william SEIFRIZ. 

Iotroduction. 

Knowledge of plant life in the southern countries of the Union of Soviet 
Socialistic Republics^ is accessible to the outside world in the form of several 
classical Russian and German works, but these are none too familiar, and they 
leave some interestiiig territory untouched. Furthermore, Russian taxonomists 
and ecologists have been very active since the Revolution and have brought 
together many new facts. It seems, therefore, worth while to present, in 
English, an account of the flora of certain southern Soviet provinces, and 
thereby bring together some of the new-er researches now scattered in relatively 
inaccessible journals, to which are added a few original observations of my own. 

I had the pleasure, in the summer and fall of 1929, of leisurely journeying 
from the Crimea to within 100 miles of the Chinese border in Turkestan. The 
present paper is the first of a series in which the botanical results of this 
excursion are desoiibed. The regions visited were the Crimean Mountains, the 
Georgian Military Way (North Caucasus), the Bakuriani Basin (Minor Cau- 
casus), the desert at Repetek (Kara Kum), and the Transilian Mountain range 
of Kazakstan (eastern Turkestan). 

My sojourn in these southern states of the Soviet Union was made in 
company with a number of Russian botanists who either travelled with me 
for a time or resided in the places where I stopped. I am indebted to them 
all and I shall express my appreciation in these articles; but to certain of 
these companions special thanks are due. I am grateful to Prof. N. A. 
Maximov who gave to my stay in Russia the necessary official backing; to 
Mrs Tatiana Krasnosselsky Maximova, who, with characteristic initiative and 
energy, helped oiu expedition through many trying experiences, and who has 
since eflectively obtained for me much information necessary to the satis- 
factory completion of these articles; and to Prof. Venedict Kolesnikov who 
was my companion in the Crimea and North Caucasus. I am also grateful’ 
to Dr Forrest Shreve, of Tucson, Arizona, for his courtesy in reading the 
manuscripts of these articles, and to Mr Paul Bausch for kindly making a 
number of drawings, including Fig. 3 of the present article. 

1 Many encyclopaedic and geograpMc references give “Union of Socialistic Soviet Republics” 
as the name of tlie present Russian Union, The Russian bank notes have “Union of Soviet 
Socialistic Republics” i3rinted upon them. 
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I. : THE ALTITUDINAL DISTRIBUTION OF PLANTS 
ON THE CRIMEAN MOUNTAINS 

(With Plates XIV-XVII and three Figures in ike Text.) 

Tlie success of the botanical study of the Crimea here presented is largely 
due to Mr V. F. Vasiliev, upon whom rested the final identification of all 
plants collected. Mr Vasiliev, with typical Russian courtesy, planned and 
conducted the trip into the mountains. His published accounts^ of the 
Crimean flora have been of great help in the writing of this article. I am 
further indebted to Mr N. V. Kovaliev, Director of the Nikita Gardens, for 
officially assuming half of the responsibility of the trip. 

The flora. 

Plant geography is an old subj ect. The evident and superficial things have 
been done. To add anything of fundamental significance now requires years 
of intensive and extensive work which must be left to those residing in the 
country. The chance visitor can grasp only something of the outstanding 
botanical features of the region; his glimpses assume a more substantial 
nature, and become of some real value, only when he has the help of the 
taxonomic specialists of the country. 

The Crimea, or Krim, is a peninsula projecting into the Black Sea from 
the south coast of Russia. A very narrow strip of land saves the Crimea from 
being an island which it more resembles. It is of irregular shape, considerably 
broader than long. The 45th parallel passes across the peninsula, dividing the 
Crimea into two geographically distinct regions, the southern mountainous 
coastal strip, 30 miles in width, and the broad northern steppe which con- 
stitutes more than two-thirds of the total area of the state. The capital, 
Simferopol, is a few miles south of latitude 45°. 

The Crimean Mountains attain their maximum height close to the coast 
(Fig. 1). Here they rise to an altitude of 1500 m. within 8 km. of the shore. 
At one point an altitude of 1200 m. is reached within 3 km. of the shore; this 
is the peak Ai-Petri. It is impossible to refer to individual mountains in the 
coastal range, as the top is one extensive plateau known as the Yaila. The 
main portion of the plateau is some 30 km. in length, varying from | to 5 km. 
in width. The highest point, with an altitude of 1540 ni., is toward the eastern 
end, just above the town of Yalta 

^ “Die Vegetationsverhaltiiisse der Gegend Sudak-Aluschta” (piiblislied in Russian with a 
German summary). Jowrn. Gov. Bot. Gard. Nikita, Yalta, Crimea, 10 (2), 1928. 

2 The spelling of Russian words has been much influenced by German translations and by 
historical traditions. The transliterations adopted here aim not only at correct pronunciation, 
but also at retaining the Russian spelling in so far as this is possible. Pronunciation is of greater 
importance than spelling, and where it is necessary to change the latter to achieve the former, 
I have done so. There are naturally certain minute shades in pronunciation which only Russians 
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Crimea’s coast has long been famed as Eussia’s riviera (Fig. 1). The largest 
of the south-coast towns is Yalta. Several miles east of Yalta are the Nikita 
Botanic Gardens, consisting of 500 acres extending up from the shore to the 
village of Nikita. Immediately above Nikita rises a high spur which projects 
southward toward the coast from the main Yaila plateau (Fig. 1). 

The journey into the mountains leads from the Nikita Gardens up along 
the west slope of what I shall call the Nikita spur, over the Yaila plateau, 
and part way down the north side of the coastal range to the former monastery 
of Kozmo Damian where the night is spent. The return trip may be made by 
way of the east slope of the spur. 



The Crimea lies in the southern part of the temperate zone wdth only the 
suggestion of a tropical flora. Eipe figs, Ailwnthus, and the leguminous tree 
Albizzia, together with a hot and dry summer, remind one of the Near East, 
but the absence of cultivated palms and the scarcity of citrus fruits indicate 
that the Crimea has a wnnter not tropical in natme. The average summer 
(August) temperature at Nikita is 24-6° C., and the winter (January) tern- 

can accsomplish. It seems best^ for English readers, to use for the sound of “s” in “pleasure,’® 
and “y”. for the Bussian If, the sound in the pronoim “ye”: thus “Yalta” and not “Jalta” 
for the Crimean seaside town. Whether to use “t,” “if” or “w” for the familhir endi'ng to many 
Russian words is a question which is answered as one wishes. The Russian letter which ends 
words of this sound is “ b.” This is not our “b,” for wliich the Russians have another letter, but 
our “v.” Since “v” gives the sound fairly well, it is the best of the three possible transcriptions, 
as it conforms not only to pronunciation but to Russian spelling. For the same reason 1 much 
prefer “Buchara” for the Turkestan city to the familiar English transcription “Bokhara,” which 
gives neither the Russian spelling nor the Russian pronunciation. The addition of “c” in 
“Buchara” is necessary to approach more closely to the Russian pronunciation. 
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perature 4° C. The rainfall at sea-level on the southern coast (Nikita) is 50 cm., 
a year (on the northern steppes it is but 30 cm.) and on the mountain tops, 
the high Yaila plateau, it is 120 cm. The yearly distribution of rainfall in 
the Crimea is irregular. On the steppes in the north, summer rains are con- 
tinental in character and constitute 43 per cent, of the total annual amount. 
In the mountains, the yearly distribution is more uniform, with spring and 
summer maxima. On the southern coast, 56 per cent, of the total annual 
precipitation falls from October to February and 24 per cent, from May to 
August. So dry a spring has a marked influence on the character of the 
vegetation of the coast. 

The Crimean mountains rise abruptly from the south coast, leaving but a 
narrow strip of land suitable for cultivation. Relics of a former forest are still 
present here, but most of the area is cultivated, being planted chiefly with grapes 
and tobacco. This coastal agricultural strip constitutes the first of the five 
zones into which I have divided the southern slope of the Crimean mountains. 

Zone I. The coast (0-300 m.). 

Junipenis exeelsa is the only tree which forms pure stands along the 
southern shore of the Crimea. Here and there small woods of a pure J imiperus 
growth still persist, left-overs from an extensive forest which has long since 
been cut. The juniper grows on poor rocky soil to the almost complete ex- 
clusion of other coastal trees such as the oaks. Five species of Juniperus occur 
in the Crimea, J. exeelsa, J. oxycedj'us, J. depressa, J . foetidissima and J. sabina; 
the last is found on the higher mountain peaks. Of these species J. exeelsa is 
by far the most abundant. J. oxycedrus is the only other juniper occurring 
in the first zone in any quantity and it is not frequently seen. This last species 
is of interest because it ordinarily exists as a low shrub, yet it may develop, 
when given time, into a substantial tree. (Wulff^ gives a sixth species, 
J. isophyllos, as occurring along the coast with J. exeelsa.) 

Two other trees, Qtiercus piibescens and Garpinus orientalis, join Jtmiperus 
exeelsa in characterising the coastal region. Of these three only Juniperus is 
limited to the first zone. Quereus and Garpinus also occur further up if they 
can find space in areas deforested of pine and beech. 

Other oaks occurring in the Crimea are Q. sessilifiora at higher altitudes 
on the southern slope, and Q. pedunculata chiefly on the northern side of the 
mountains. These two species are very much alike. A second Carpimis, 
G. betulus, reaches the tree line. 

Acer campestre is a not Infrequent inhabitant of the coastal region. 
A. liyrcanum is a high-altitude species. Fraxinus excelsior and occasionally 
F. oxycarpa are found in the first zone. Arbutus andrachne is a conspicuous tree 
of the coast because of its bark, which is smooth, of a rich reddish brown colour, 
and constantly peeling. The tree is at home in the Crimea and Asia Minor. 

1 E. Wiilff . Vegetationsbilder atts der Krini, Jena, 1926. 
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There are a large number of wild pear, apple and cherry trees in the 
Crimea; Pirus elaeagnifolia is one of the most common of these. The closely 
related species P. conimums may attain great age. Equally abundant is the 
wild apple, Pirns wialus {Mains com/mimis ) ; somewhat less frequent is Primus 
'sfinosa, and the wild sweet cherry Prumis avium. 

Chlorosis is of unusual occurrence among the fruit treCvS of the Crimea, 
both wild and cultivated forms, especially the pears, due to a strong alkaline 
soil. 

Pistacia mutica (Anacardiaceae), the turpentine tree, though but occa- 
sionally seen, is a true representathm of the flora of the Crimea, as it is also 
of that of Italy. The most historic representative of this species, at Nikita, 
was seen by Engler in 1900; he estimated its age as 1000 years. 

An interesting shrub is Paliwms spina Ckristi, one of the Ehaniiiaceae, a 
Mediterranean and Near East genus. The plant attracts attention because of 
the broad fringe or wing on the fruits. 

Occurring very abundantly along the coast is AUantkiis glandnhsa. It is 
usually found as a rank-growing roadside weed some 4 to 6 ft. in height, but 
if given the opportunity it reaches tree size and forms a striking feature of 
the landscape when bedecked with its large clusters of red fruit in late August. 

The iibiquitoiis Eosa canmia is abundant along the coavSt, extending up 
into the mountains. 

Among the herbaceous plants certain species grow so profusely that they 
conspicuously characterise the coastal vegetation. This is especially true of 
ClernaMs vUalba, the only species of this genus in the Crimea. It grows in great 
luxuriance. The plant is distributed not only throughout soutlierii Russia and 
the Mediterranean region, but extends, as is well known, north-westwards 
through Europe to southern England. I wurs interested in finding Clematis 
abundant and in rich full flower keeping company with Artemisia and Alhagi 
in the Kizil Kiim desert near the Aral Sea. Dr Shreve informs me that 
C. ligusticifolia is common in the Arizona deserts, with Atriplex occurring on 
the alkaline flood plains. 

Eupliorbm biglandidosa is widely spread in the Crimea along the coast ; in 
Greece it covers large waste areas. Along the shore grows Asphoileline. lutea; 
A. tauriea is another Crimean species of this genus. Iberis tmmca {Crimiieme) 
is an endemic, occurring in stony areas. 

Numerous world-known herbaceous plants occur by Crimean roadsides. 
Cichoriu/m intybus is a frequent reminder of American fields. Verbarctmi is 
represented by numerous species. Leguminous plants, such as Spartiuni 
junceum^ are abundant, as also the Cruciferae. Five Papavers occur in the 
Crimea. They are regarded as weeds and are of wide distribution, occurring 
from the coast to alpine pastures. Ranunculus is well represented. 

The orange-coloured Crocus susianus is found along the coast near Nikita, 
with its cousin, the brilliant purple-flowered G. speciosus, Scilla autumnalis 
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and Stachys iberica are other low-altitude forms. Ephedra vulgaris is at home 
here; it is found just south of the 45° parallel from Spain to eastern Turkestan. 
There are some fifty species of grasses in the Crimea, Festuca sulcata and 
Hordemn hulbosum being common at Nikita. Fifteen Carexes occur. That 
world-wide species, Eqiiisetum arvense, is also present. Ferns are not numerous, 
only three genera and four species existing on the peninsula. 

Introduced plants which have become wild, together with those maintained 
by cultivation, often distinguish the floral topography of a country more than 
do the native plants. This is especially true in a densely populated region 
where intense agriculture is pursued. Exotic plants are the result of man’s 
work, and man is usually omitted as a factor in ''naturar’ plant distribution. 
The landscape of the Crimean coast is more strikingly characterised by intro- 
duced and cultivated plants than by the native species. To omit mention of 
the tall and stately Cupressus, of Cedrus, and Albizzia, would be to fail to 
give an accurate picture of the Crimean coastal flora. The symmetrical 
cypresses are conspicuous along the southern coast. Among the occasional 
exotics are the two superb cedars, Gedrus atlantica and C. libani. The legu- 
minous tree Albizzia {Acacia) jidibrissin is extensively planted as a shade 
and decorative tree. It does well along city streets because of its drought- 
resistant qualities. When in flower it is most decorative. The tree is a native 
of Trans- Caucasia and China. 

Quercus s-uber is now being introduced with the ultimate intention of 
making Russia independent of Spain in its need of cork. Ripe figs. Ficus carica, 
add a subtropical touch. Punica granat-mn is likewise grown. The cultivated 
Citrus trifoliata is the only citrus plant in the Crimea. 

The two most extensive crop plants are tobacco and grapes. ‘^''Dubek’’ is 
the Tartarian name for the finest of Russian tobaccos. It is grown in the 
Crimea. 

‘^Winograd” or ^'wine bunches” as the Russians call grapes, constitute the 
chief agricultural product of southern Crimea. Vineyards cover many of the 
lower mountain slopes (PL XVI, Phot. 5). The scientific study and control of 
Crimean grape culture and wine production is in the hands of the Experi- 
mental Station at Nikita Gardens. A total of 800 varieties of grapes from all 
parts of the world are grown here. Of this number, 670 belong to the species 
Vitis vinifera. The grapes are converted into wine in the Station’s own cellars, 
which have produced some of Russia’s best wines for more than a century. 
Through the courtesy of the Director, Mr M. A. Gerasimov, the vineyard and 
cellars may be visited. The varieties of wines produced here are numerous, 
from the usual ''vin ordinaire,” to Malbeck, Bordeaux, Madeira, and the 
selected Muscat rouge de Prontingant, acclaimed the finest wine of the world, 
though another connoisseur gives preference to the equally soft and sweet 
Muscat noir d’Alican (Caillaba). Very fine also is Bastardo 26 from Spanish 
grapes; its flavour is more distinctive and less sweet, though still soft. Russia 
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hopes to replace France in the production of Muscat owing chiefly to the 
destructive work of Phylloxera vastatrix in the latter country. 

One article of food commonly sold along the southern coasts but grown 
in north Crimea, is of interest to Americans as a contribution of their continent 
to Europe; it is ‘^corn on the cob.’’ Children peddle it cooked, ready for 
eating. 

Still another plant which is widely grown is the sunflower; the seeds are 
eaten, though chiefly used for extracting an oil which constitutes the main 
cooking and table oil of Russia. 

Zone II. The Pinus laeicio belt (300-800 m.). 

The Crimean pine, Pinus laricio var. pallasiana, forms a belt on the 
southern slope of the Crimean mountains at an average altitude of about 
500 m. The association is a nearly pure one (PL XIV, Phot. 1). This pine 
rarely gets as low as the seashore nor as high as the plateau. 

The forest floor of the Pinus laricio association harbours little vegetation 
except for small patches of Dryopteris jilix-m,as, one of the few Crimean ferns. 
In open areas an occasional Pirus elaeagnifolia and P, communis are found. 
It is here that the oldest of the wild pear trees occurs, estimated to be over 
200 years. Ruscus aculeatus grows in the more open areas of the woods. On 
the edges of the forest above the village of Gursuf one may find Sax^raga 
irrigua. Other herbaceous species occur in this zone, but they are more typical 
of the adjoining higher region. 

The second zone is essentially a pure stand of the indigenous Crimean pine 
which has received the name P. taurica, though it is perhaps better called by 
its older name. (Tauria is an ancient name for Crimea.) Many of the pine 
trees attain very good size and constitute the monarchs of the native flora 
on the south coast (PI. XIV, Phot. 2). 

Zone III. The upper herbaceous region (800-1000 m.). 

The third zone possesses the two characteristics necessary to form a good 
herbaceous undergrowth, open woods and ample moisture. This latter con-< 
dition is maintained by abundant and hard rains, close-hanging clouds, and 
an absence of desiccating winds. (We recall that the annual rainfall at Nikita 
Gardens, at sea-level, is 50 cm., while on the Yaila plateau, at 1500 m it is 
120 cm.) 

Several new trees appear above 800 m.; most of the lower altitude ones 
remain. Two of these new members characterise the arboreal vegetation of 
the third zone; they are Pinus silvestris and Fagus taurica. The former, the 
most widespread European pine, is here intermixed with P. laricio' vm. 
pallasiana (P, taurica) from the second zone. 

In addition to these two species of pine, a third occurs elsewhere on the 
south coast of the Crimea, Pinus pithyusa var. stanhevici, a close relative of 
the Caucasian P. 
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Fagus, more abundant on tlie north side, forms small pure stands at high 
altitudes on the south slope, especially on south-eastern exposures where 
there is good soil. The two pines are restricted to south-western rocky areas. 
The beech is so much more typical of the northern slopes of the mountain 
range, where it forms pure forests miles in extent, that we shall leave further 
consideration of it until later. 

A very few scattered specimens of the yew Taxus baccata are to be found 
in these high rocky regions. 

Another species of Carpinus appears in the third zone, C. betulus, a tree more 
typical of central and western Europe where it is quite common. The widely 
distributed European oak, Q, p)edunculata, is also here at 900 m., but it is not 
restricted to this altitude. Another new species in this region is the maple 
A. hyrcanum. The northern and high altitude tree, Populus tremula, is scattered 
in the open areas of this zone, though it is not a typical Crimean tree. Fraxinus 
excelsior is still present. Gornus mas with its brilliant red berries may likewise 
be found. Its distribution is also very wide. 

To one familiar with south Russian plants, it would be a notable omission 
if Sorbtis auGuparia were not mentioned as a high-altitude species. This small 
tree, which reaches the tree line throughout the Caucasus and again appears 
in the mountains of eastern Turkestan, is to be found in the Crimea but it 
is not abundant. It is a relic of the glacial age. The plant occurs in the third 
zone between 850 and 900 m. altitude. A second species of this genus, which 
is much more numerous in the Crimea, is Sorbus torminalis, so strikingly 
distinguished by its leaves from its cousin, S, aucuparia. This plant is rather 
common, and while growing best at 700-1100 m. altitude, it is to be found 
from the coast to, or near, the tree line. There are nine species of Sorbus in the 
Crimea, including Sorbus aria, 

Pinus silvestris and Oarpinus betulus are the distinguishing trees of the 
third zone, but the arboreal vegetation characterises the zone less than does 
the succulent undergrowth. An open herbaceous zone at high altitude, sepa- 
rating a lower forest of large trees from a higher one of small trees, is generally 
characteristic of plant zonation on mountain sides; thus Shreve^ has found 
such a zone on the mountains of Jamaica and I^ in Java; we shall find the 
same at high altitudes in the Minor Caucasus. 

Among the herbs of Zone III the following are the most conspicuous in 
August: Atropa belladonna, with its glossy, black berries; the European golden 
rod, Solidago virga-aurea, is another very striking and beautiful plant; 
Chrysant}iem>um parthenium,; Campamda sibirica (and another larger species); 
the umbelliferous Laserpitium liispidum (its better known cousin, Daucus 
carota, is found at lower altitudes) ; two Centaureas, G, jacea and C, montana ; 

^ Forrest Shreve. “A montane rain-forest.” Carnegie Inst, Publ, 199 (1914). 

2 William Seifriz„ “The altitudinal distribution of plants on Mt Gedeh, Java.” Bull. 
Torrey BoL Chib, 50, 283 (1923). 



vulgare; Oirsium incanum; Lmcuria vulgaris (it is always of interest to finrl in 
far corners of tlie world species identical with those so familiar at honi<‘); 
Melamfyrmn nemoroswm (Scrophulariaceae) ; Rmunofdus poh/aHfhejnos: Salvia 
glutimsa, with its ingenious automatic spring for cross pollination : the endemic, 
3^eUlof/lls tmirieus; and Lappa {Arctmm) tommima (Compositae), with lingo 
(maximum 18 inch) heart-shaped leaves. One fern is met with, Drgopivris 
filix-mas. 

Zone IV. The tree line {1000-1250 m.). 

As one climbs on to the first shelf of the higli Yaila plateau at about 
1000 m. or more, there is a sudden change in. the type of vegetation. The 
change may be clear cut or not, depending upon the topography of the imme- 
diate surroundings. Alpine plants make their first appearance. Trees are iiruch, 
reduced in size, more irregular in shape, and occur in smaller groups of close 
formation. Typical KrmmnJiolz is met wfith. Here occurs the tree line, ff)rme(l 
by Pinm sihestris (PL XV, Phot. 3) and Fag us taurica (Phot. 4); the two 
species rarely occur together. On the western slope of the Nikita spur tlie 
pine alone forms the tree line. On the eastern slope the beech predominates. 

The fourth zone does not form a continuous belt, nor is it extensive in 
width. It consists of scattered areas where the trees of the third zone, more 
dwarfed in size, get up into the alpine pastures. 

The tree line region is essentially composite in character, consisting of 
small woods and meadows; floristically it is siibalpine. Among the meadow 
plants the typically Crimean umbelliferous Seseli gummiferum and its cousin 
8. lehnanni are to be found, as also the endemic Ckichrys alpina and Oistus 
tauricus. 

Zone V. Alpine pastures (1250-1540 m.). 

The Crimean coastal mountains do not rise to peaks but culminate in flat 
meadows which form one long continiioiis plateau, the Yaila. Only an occa- 
sional small rocky summit is to be found. The Yaila is some 30 km. long with 
a maximum width of 5 km. and an altitude ranging from 1250 to over 1500 m. 
The few rocky mounds on top rise to maximum heights of 1526 and 1540 in. 
The open wind-swept meado^ws of Yaila form the alpine pastures of the fifth 
zone. The ground is well covered with grass and herbaceous species. Rock 
plants such as Saxifraga are not numerous. 

Before the Soviet Government put an end to pasturing on Yaila, these 
meadows were overrun by hordes of cattle, with the result that relics of the 
original Crimean alpine flora were to be found only on rocky summits. The 
plants are now gradually spreading to the floor of the plateau. Among them 
is the most striking and picturesque of the alpine flowers on Yaila, the Crimean 
‘‘'Edelweiss’’ Oemstium hiehersteini, one of the Caryophyllaceae (PL XVI, 
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Phot. 3, Pinus silvestris forming the tree-line at 1200 metres, 


igiis taurica creeping down on the south slope; summit of Yaila to the right. 
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Phot. 5. The Crimean coast: pine 011 the left; junipers, oak. 
cedars and vineyards below. 


Phot. 6. Siderilis tmirica 
on the siininiit of Yaila. 


Phot. 7. Cerastium biebersteini near the summit of Yaila. 
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Phot. 7). It first appears at the tree line (1260 m.) and extends to the highest 
rocky summits (1540 m.). 

The Labiate Sideritis taurica, (PL XVI, Phot. 6), an endemic, is also a 
frequent inhabitant of the plateau pastures. This Crimean native gets into 
the high Caucasus and Asia Minor. Viola altaica var. oreades, but sparingly 
found in flower in August, blossoms profusely over the plateau in May. It is 
a much sought after violet by western gardeners. Abundant also are the 
genera AlcJieniilla, Trifolium and Festuca, 

The northern slope. 

The north side of the Crimean coastal range has quite a different story to 
tell. Immediately on leaving the plateau meadows, one enters a dense beech 
forest, and this forest, an almost pure stand of Fagus taurica, extends for 
many miles, covering all the northern mountain slopes. It is a superb sight, 
whether one views it from above or from within. 

The tree line on the north side is slightly higher than on the south, creeping 
up to 1300 m. The beech trees at this altitude are low and bent (PL XVII, 
Phot. 8), but they soon, at a lower altitude, become fine tall specimens closely 
grouped to form a dense forest (PL XVII, Phot. 9). At 720 m. the trees attain 
their best growth with excellent boles 40-50 cm. in diameter and 30 m. or 
more in height. 

The beech forest descends to 500 m., to the foot hills north of which lie 
the vast steppes which make up most of the Crimea. The change in size of 
the beech, from its lower limit of 500 m. to the tree line at 1300 m., has 
been described by Poplawska. Fig. 2 is a modified copy of a drawing made 
by Poplawska^. The figure shows the change which the beech undergoes with 
change in altitude. 

The naming of the species of beech which covers the north side of the 
Crimean mountains has been an interesting problem now finally solved by 
Poplawska. The Crimean beech resembles F. silvatica of central Europe and 
was formerly regarded as of this species; it also bears a close resemblance to 
the Caucasian F. orientalis to which species it was later assigned. Poplawska 
finds that the Crimean beech has flowers as in F. orientalis, fruits as in 
F. silvatica, and leaves intermediate in size between these two species. Further- 
more, the Crimean beech develops root shoots as does its closer relative 
F. which does not seem to be true here of F. silvatica. Poplaw^ska, 

therefore, proposes the new specific name, Fagus taurica. 

Scattered along the fringe of the beech forest are several species from the 
southern side of the mountains. The two pines, P. laricio and, chiefly, P. sil- 
vestfis, occasionally occur, likewise examples of Carpinus betulus, Quercus 
pedunculata and Fraxinus excelsior. 

1 Poplawska, H. “Die Biiche in der Krim imd ihre VariabililJat.” Osferreich, BoL Zeitschr. 
77, 23, 1928. See also “Etude sur la variabilite du hetre de Crimee” (in Russian with Erencli 
summary), Mecherches sur les Parcs Nationaux (Leningrad), 1926. 
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The former monastery, Kozmo Damian, situated at an altitude of 650 m. 
on the north mountain slope, has now been converted into a hospice for 
travellers. It was formerly frequented by the Czar who used it as a hunting 
lodge. Here visitors may rest with primitive comforts and meet with other 
naturalists, for a part of the monastery is a museum and biological laboratory. 
The former royal hunting reserve is now a national forest. Cutting and grazing 
are prohibited. Plant and animal life will grow henceforth undisturbed. 

Conclusion. 

A good impression of the coarser features of the altitudinal distribution of 
plants on the southern slopes of the Crimean mountains may be had from 
the Black Sea directly opposite the Nikita Spur. Fig. 3 is a sketch made a 
mile off shore and shows, first, the coastal zone, with a Junifenis wood isolated 


Fig, 3. The Yaila Spur seen from the Black Sea, showing the juniper (dotted), cultivated (white) 
pine (crossed), and alpine (white) regions: N = Nikita Gardens, G=:Gursup. 

from scattered Quercus and Garpinus trees and the cultivated areas; second, 
the next two zones of pine ; and third, the alpine zone. Naturally, at a great 
distance Pinus sihestris is not to be distinguished from P. laricio, nor is an 
herbaceous undergrowth visible. 

The Crimea shows great diversity in floral types; its extensive northern 
steppes are covered, where salty, with Artemisia, elsewhere with Salma, 
Medicago, Onobrychis, and the grasses Stipa, Festuca and Bromus ; on its only 
slightly less dry south coast grow junipers where the ground is rocky, and 
oaks in those more favourable areas which have been left untouched by an 
intensive agriculture ; its mountains are covered with pine on the south and 
dense beech forests on the north; the open woods at upper elevations harbour 
a rich herbaceous growth; and the high plateaus are carpeted with alpine 
meadows where the Crimean “Edelweiss” (PL XVI, Phot. 7) flourishes. 
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II. PLANT LIFE ALONG THE GEOEGIAN 
MILITARY WAY, NORTH CAUCASUS 

By william SEIFRIZ. 

{With Plates XVIII-XX, and two Figures in the Text.) 

The Georgian Military Way is the main route across the Caucasus Mountains. 
It leads from Vladicavcas on the north to Tiflis on the south. The road is 
famed in Eussian history as the scene of many encounters between the Eussians 
and the Gruzini (Georgians). It is equally renowned for its magnificent scenery ; 
the Daryal Canyon and Mount Kasbek are known by name to every Eussian 
school child. 

The Georgian Military Way has been trod not only by soldiers but by 
botanists, with the result that the Caucasian flora is as well known as any in 
Eussia. Some fifty species of plants bear the name caticasiea. There is a 
humorous saying among Eussian botanists that when in the Caucasus if you 
do not know the specific name of a plant, guess orientaUs, if wrong, then guess 
caucasiea and you are certain to be right ! 

The Caucasian Mountains lie diagonally in a north-wust to south-east 
direction across the broad neck of land which joins the Eussian Union to 
Turkey and Persia (Fig. 1). They extend from the Black Sea to the Caspian, 
and separate Eussia proper from Georgia and Azerbaijan. Tiflis is the capital 
of Georgia, and Baku, on the Caspian Sea, is the capital of Azerbaijan. These 
two ‘"republics” and Armenia constitute Transcaucasia. The highest mountain 
in the Caucasus is Elbrus, 5660 m. (18,565 ft.); it lies far west of the Georgian 
Military Way. Mount Kasbek is second in height, 5043 m. (16,541 ft.), and 
lies close to the Way. All of the higher mountains are glaciated. Not far from 
the foot hills of the range on the north is Vladicavcas, a good sized but rather 
primitive town. Tiflis is the chief city on the south; it lies some 50 km. from 
the mountains. 

The Georgian Military Way, from Vladicavcas to Tiflis, is 220 km. long; 
the journey over it can be made in a day (10 hours) by auto-bus. More satis- 
factory for the botanist is to make the journey by carriage from Vladicavcas 
to Kasbek, which can be quite leisurely done in a day. The remainder of the 
trip from Kasbek to Tiflis is less interesting both scenically and botanically, 
and is best made by auto-bus, unless, of course, a survey of the more arid 
regions on the south side of the mountains is to be included. If one remains 












374 . Vegetation of some Southern Provinces of Soviet Russia 

strictly on the road, as the title of this paper suggests, an account of the plant 
life would be considerably less extensive than that given here, since the road, 
for a large part of its length from Vladicavcas to the divide, follows close to the 
base of high rocky cliffs which are all but devoid of vegetation. Side excursions 
are therefore necessary if one is to obtain a true impression of the flora of the 
North Caucasus. The Gvileti and Kasbek valleys offer the best opportunity for 
such trips. At least a day should be allowed for each, and the entire journey 
from Vladicavcas to Kasbek can be made more than once to advantage. 

The journey here described extends from Vladicavcas to the divide, which is 
the North Caucasus part of the route. It is well first to make the trip hurriedly, 
which we can do with the aid of the map (Fig. 2), in order to orient one’s 
self in regard to the major floristic features of the road. 

The Georgian Military Way, from north to south, first traverses the 
Vladicavcas plain, following the river Terek for 14 km. to Balta (Fig. 2). 
Here the foot hills rise and the first forests are met with. The wooded mountain 
slopes continue for some 8 km. when they are replaced by treeless hills which 
mount to great heights and form excellent pastures, ilnother 8 km. brings us 
to Old Lars (the places named along the Way consist of nothing more than a 
few huts). Here a second forest zone begins which continues several kilo- 
metres beyond new Lars to the entrance of the Daryal Canyon. The 5 km. 
which constitute the Canyon proper are practically devoid of vegetation except 
for an occasional pine on a precipitous cliff many metres overhead. The rocky 
walls rise almost perpendicularly to tremendous heights. The Canyon is most 
impressive. Once out of the Canyon one comes again to treeless areas which 
continue to the divide. Shortly after one emerges from the Canyon, the 
Gvileti valley branches off to the west extending to the glaciers of Mount 
Kasbek. Barely 8 km. beyond Gvileti lies the village of Kasbek, its small 
valley also leading westward to Mount Kasbek. Both the Gvileti and Kasbek 
valleys rise to subalpine pastures where flowers are profuse. To reach alpine 
meadows requires arduous climbing. Keturning to the main road, we travel 
another 22 km. to the divide and here reach the maximum altitude of the 
Way, 2345 m. (7692 ft.). 149 km. more, down through country parched in 
August, brings us to Tiflis. Recapitulating in tabulated form we have: 

Altitude Length 

Zone Name in m. in km. Type plants 

I Vladicavcas Steppe 679 14 Salix, Hippophae 

II Lower Forest (deciduous) 820 8 Fagus, Quercus, Ulmus 

III Herbaceous Slopes 960 8 Poa, Festuca 

IV Upi^er Forest (mixed) 1100 6 Finns, Crataegus 

V Daryal Canyon 1300 5 Pinus, Juniperus, Saxifraga 

VI Transition 1500 8 Populus, Phragmites, Spiraea 

VII Subalpine 1700 22 Scabiosa, Ceplialaria 

(along the Way) 

VIII Alpine 2200 — Be tula, Rhododendron 

It is my aim to deocribe the plant life of the eight zones which we have 
just hurriedly traversed, as it exists in late August. Though this description 
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of plant life in the high Caucasus is limited to the Georgian Military Way, 
it gives, I trust; a fair impression of the character of the North Caucasian 
flora in general The third article of this series will describe the flora of the 
Trans- or Minor Caucasus which lie to the south. 

Zone I The Vladicavcas Steppe (679 m.). 

The Vladicavcas plain is watered by the river Terek whose source is the 
glaciers of Mount Kasbek. Much of this plain is cultivated, with the result 
that wild plants are few and are limited to roadsides and some few unplouglied 
fields. The scattered trees are chiefly poplars, locusts, willows, some lindens, 
and wild apples. Populus pyramidalis is extensively planted, giving to the 
landscape something of the appearance of southern France. Populus nigra 
occasionally occurs. The most abundant of the trees is Robinia pseid-ctcacia, 
many examples of which attain great size. Salix alba lines the river banks 
from Vladicavcas into the mountains. Pirns malm is not infrequent. Very 
profuse is the European and Asian Hippophae rhanimndes. It growls along the 
roadside as a natural hedge, though preferring the more moist river valley 
which it follows almost to the source. Hippophae is dioecious and cauliflorous. 
The plant is a close relative to Elaeagmis, of which E. horterisis is also a 
common inhabitant of the Caucasus. 

Common roadside plants in flower at this time of year on the Vladicavcas 
plain are Batma stramonium; Cichorimnintyhm w'hich is widely distributed, 
getting into the subalpine zone; and a number of show^y flow-ers such as 
Althaea and Lytlirum, which occur near the river but are at their best in the 
cooler and more moist regions within the lower mountain valleys. 

Zone II. Loweu Forest (820 m.). 

Balta, which consists of a single roadside house, marks the beginning of 
the foot hills that rise suddenly out of the plain and just as suddenly grow into 
the high mountains of the range. These foot hills are w^ell forested, though 
chiefly with second growth. Extraordinarily abundant on the left bank is 
Crataegus melanocarpa, which forms fine well-developed trees 5 m. or more 
in height. With it occur Ulnms nitens, Tilia caucasica and Saldx medewdi. 
The willows -are mostly down in the wide river bed, where they gro w in great 
profusion. Some unusually fine old specimens of Populus nigra are again met 
with along the road. These massive trees appear to have been planted, though 
the species has a wide distribution throughout the Caucasus. 

The woods on the right river bank are less disturbed by man and conse- 
quently are made up of larger trees, chiefly Quercus iberica, Ulmm nitens 
and Fagus orientalis, Kadde^ uses the specific name F. silvatica for the 
Caucasian beech. There is but the one form and it is more generally known 

1 Radde, G. Pflanzenikrbreitung in den Kauhasmldndem (Die Vegetatmi der Erde 111)^ 
Leipzig, 1899. 
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as F, orientalis. The difficulties which arose over this species in the Crimea^, 
where the beech resembles both F, orientalis of the Caucasus and the European 
F, silvatica, were circumvented by the new name F, taurica. 

Few pines are to be seen in the lower deciduous forests. Hippophae rJiam- 
noides continues in abundance. The sharp-leaved scrambler Asparagus verti- 
cillatus often fills a Crataegus tree. Another attractive climber is Pliysalis 
alkekengi with its red balloons containing edible seeds. 

Showy plants are numerous within the cool, shaded confines of the narrow 
river valley. Throughout this first wooded zone, as also in the second farther 
on, one meets with a wealth of flowers. Althaea ficifoUa forms gorgeous displays 
of its large brilliant yellow blossoms; A. rosea also occurs. Another yellow 
flower is that of the composite Inula helenium. 


ZoisTE III. Herbaceous Slopes (960 m.). 

On emerging from the forested river valley of the foot hills, one enters 
into more open country surrounded by high treeless mountains, which present 
a striking picture in their iiudeness and massiveness. These subalpine fields 
extend for many kilometres around, high up mountain sides, and over small 
plateaux. A number of the bald mountains are perfect cones. The fields, often 
steppe-like in character, are well covered with grasses which are mostly Poa, 
Festuca and Bromus species. It is the belief among botanists that these 
extensive treeless mountain slopes were all forested some 500 to 600 years ago. 


Zone IV. Upper Forest (1100 m.). 

The region into which we next enter, some 30 km. from Vladicavcas, is 
again a forested one. This second forest zone is not more than 5 km. in length, 
and leads directly to the entrance of the Daryal Canyon. The station Lars is 
about midway in this zone. 

The trees are the same as those already met with. Crataegus mela/nocarpa 
is still very abundant, forming small pure stands and exhibiting some fine 
individual specimens. The deciduous trees, oak, beech, elm, linden and willow, 
still continue, but the character of this upper forest is marked by the pine, 
which predominates throughout, especially on the rocky slopes of the right 
river bank. 

The pines of the Georgian Military Way differ considerably in form on 
the two slopes, so much so that from a distance one would say the tall well- 
formed tree of the right bank is Pinus silvestris, and the low scrubby one of 
the left bank, P. montana. This distinction has been taxonomically recog- 
nised, though both forms are generally regarded as of the same species, but 
■whether Pinus silvestris var. hamata^ or P. hamata is yet unsettled. The 
botanists of the south Caucasus regard P. hamata as the pine of all the 
Caucasus, with only one other nearby species, P. annena, which is limited to 

^ Seifriz, W. “The Altitudinal Distribution of Plants on the Crimean Mountains/’ ante, 
p. 369. 
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Turkey* The mmtana form of the pine along the Georgian Military W ay has 
.been recognised by Fomin and Radde^ as P. silvestris var. alpina. The dis- 
tinction, ' though taxonomically doubtful, is stamped ecologically by soil 
preference; the Montana form occurs on granite. 

The only other conifers along the Georgian Military Way are three junipers 
and a Taxm, Here, in the second forest zone (Zone IV), Juniperus oblonga occurs 
as a shrub, with Taxws baccata. We shall meet with another jumper higher up. 

Picea, so typical of the Minor (South) Caucasus, 'where it forms beautiful 
specimens in extensive forests, is restricted to the western parts of the High 
Caucasus, both in the north and the south, Tiflis being the eastern limit. 
There is no spruce on the Georgian Military Way. 

Flowers continue to flourish in small open areas. In the wet soil along 
the road the rich purple spike of Lytkrum saUcaria var, iMermedda stands in 
great numbers, Eadde cites L. hjsso^nfolia as occurring in the Caucasus, 
though I did not meet with it. Another blue spike is that of Salvia nsmofosa, 
CaMpamila rapimculmdes^ Picris sOdgosa and Aster iberieus are pretty addi- 
tions to the roadside flowers. 

Zone V. The Dae,yal Canyon (1300 m.). 

TheDaryalCanyonofferslittleencouragementtoplants(PLXVIII,Phot. 1). 
In its most precipitous parts its width is barely more than that of the road 
and the narrow river bed combined. Its walls rise almost perpendicularly to 
tremendous heights. The sun enters for but a few hours each day. Yet, in 
its inore open parts, especially near the upper end, some plants manage to 
exist on the rocky ledges. The montana form of the pine is to be seen perched 
high on rocky crags (PL XYIII, Phot. 3). Where a little soil has gathered, clumps 
of J unipems sabina and J. oblonga find a foothold, so also Berberis georgica 
and Enpkorbia, Sempemvum caucasicum flourishes well, tightly rooted in 
rock crevices, as is the habit of this genus. Here we also find a species of 
Scabiosa^ the small S, bipinnata, and Pyrethnim, a less familiar genus among 
the asters, which occurs as the delightfully jaunty P. pafthenifolium, clinging 
high where the precipitous cliffs of the Canyon open up into the sunshine 
(PL XX, Phot. 6). We shall meet with the more abundant P, niveum later. 
A third species, P. macrophyllum, occurs in the Minor Caucasus. Here, at the 
south end of the Canyon, I collected the first fern, an Asplenmm trichomanes. 

But three mosses were collected from the rocky cliffs along the road coming 
out of the Canyon. These have been kindly identified for me by Mr R. S. 
Williams of the New York Botanical Gardens; they are Mieliclihoferia nitida, 
Dicranum bonjeani and Sphagnum capillaceum. The first is an old world moss 
and the two latter are familiar North American species. 

The mammoth truncated cone of rock, which is crowned by the ruins of 

■ c 

^ Radde, G. PfianzenverhreiiiLng in den Kaukasusldndern (Die Vegetation der Erde 111). 
.Leipzig, 1899. 
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an ancient castle accredited to tlie legendary Queen Tamara, marks the upper 
(southern) limit of the Daryal Canyon and the beginning of the sixth (second 
herbaceous) zone. 

Zone VI. Transition (1500 m.). 

The Castle of Tamara stands like a sentinel before the southern entrance 
of the Daryal Canyon (PL XVIII, Phot. 1). Its position was undoubtedly 
sekcted because of strategic advantages. From this point on, the Georgian 
Military Way passes through high open treeless valleys, where the meadows 
though small are luxuriant with flowers. Herein lies the chief difierence be- 
tween the first and this, the second, herbaceous zone; the former has much 
of the steppe in its make-up, the fields are extensive, and the vegetation is 
chiefly grass, but in the second herbaceous zone of the upper mountain regions 
the meadows are small and covered with subalpine flowers. 

Shortly beyond the upper end of the Daryal Canyon is the village, if such 
it may be called, of Gvileti. The altitude is 1500 m. To the west lies a valley 
which leads to the north-east glacier of Mount Kasbek. The surrounding 
country is very picturesque and constitutes one of the richest collecting 
grounds in this part of the Caucasus. At least two days should be spent at 
Gvileti; one may spend the night at the primitive hostelry. 

Eight kilometres beyond Gvileti, at an altitude of 1705 m., lies the village 
of Kasbek. It is a mountain settlement of considerable size with a magnificent 
view of Mount Kasbek whose glistening dome rises to a height of 5043 m. 
(16,o47 ft.). The older settlement at Kasbek is a primitive but unique little 
village. The valley is small and offers little opportunity for agriculture, but 
the natives manage to raise some wheat and cattle. The valley leads to the 
eastern glacier of Mount Kasbek. 

The fields at Gvileti are uncultivated and therefore little disturbed by 
man. A mountain lake there adds an interesting plant to the flora, Phragmites 
communis, which grows profusely (PL XIX, Phot. 4). Small compact mounds 
of Juniperus oblonga are scattered about over the rocky floor (PL XVIII, 
Phot. 2). Spiraea hypericifolia var. subalpina grows abundantly on the cliffs, 
and with it Allium Tupfechtii. 

The fields at Gvileti and Kasbek (I500--1700 m.) constitute the limited 
region of our sixth zone. At Gvileti, the ground is mostly rock, with some 
grass, scattered prostrate junipers, and an occasional Centaur ea. At Kasbek, 
subalpine flowers creep down into the grassy meadows between the cultivated 
fields. Here occur small woods of Populus tremula (PL XIX, Phot. 5). The 
poplars are relics of a former extensive forest and still exist because they 
have enjoyed the protection of the church. 

The sixth zone is a transitional one, joining the lower rocky slopes to the 
higher subalpine fields. It is a zone characterised more By its geologic features 
than its sparse floristic ones^ 
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Zone VIL Subalpine (1700 m.). 

Above Gvileti lies a subalpine region of great interest and beauty (1700- 
2200 m.). Small trees, chief among which is the birch, alternate with flower- 
covered meadows bounded above by Rhododendfon and alpine pastures. 

At Gvileti, Betiila raddemia climbs to 2400 m. and gets down to 1700 m., 
occurring, therefore, in both the alpine and subalpine regions (PL XX, 
Phot. 7). The more typical birch of the alpine zone is BePiila pubescms. I am 
not quite certain in regard to a third kind of birch, B, f iihescens var. raddeana, 
occurring at Gvileti. It appears to diSer from both the pubeseens and raddemia 
species and therefore was identified as a third form, though it may be identical 
with one or the other of the two species after which it is named. 

An interesting tree, of which I saw only one specimen in these higher 
mountain valleys, is the maple, Acer tfautvetteri, which was growing at 2000 m. 
Eadde says that this species may reach the tree line. Here at Gvileti it is 
near the tree line, but I never found it there in the Minor Caucasus, where it 
is very abundant, occurring just below the open subalpine woods of birch. 

Sorbiis aticuparia begins to make its appearance at 1600 m., getting up 
into the alpine region at 2400 m. (PL XX, Phot. 7). This small tree is of very 
wide distribution in the mountains of the Soviet Union from the Crimea to 
Eastern Turkestan. It is a companion to the birch. Whether to regard the two as 
alpine or subalpine is purely a matter of defining the limits of these zones in that 
particular region where we happen to he at the time. In the Crimea, neither of 
these two high altitude trees plays a prominent part in the plant life of the 
mountains, they occur only sparingly, while in the Minor (South) Caucasus 
(Bakuriani) they grow in great abundance, form the tree line, and on certain 
slopes occur at high altitudes to the exclusion of all other arboreal forms. Usually, 
the tree line of birch and Sorbus makes a convenient upper limit of the subalpine 
zone, but where meadows of tall, showy, subalpine plants, such as Scabiosa, Del- 
phimum, Cephalaria and Epilobium^ grow above the birches, then, naturally, 
we cannot regard the latter as delimiting the alpine and subalpine flora; 
furthermore, where the birches get so far above the fields of herbaceous 
succulents as to mingle with Rhododendron^ as here at Gvileti, they become 
alpine, for their associates are not only Rhododendfon but such other truly 
alpine forms as and 

One other tree occurring here at 2000 m., though not abundantly, is Salix 
caucasica. 

The trail at Gvileti, with Mount Kashek and its glacier constantly in view, 
rises but little above 2000 m. before it descends again to go into the rocky 
gorge at the head of which is the terminus of the glacier. The trail reaches its 
highest point in a field of flowers of great luxuriance and beauty. This sub- 
alpine meadow extends from 2000 to 2200 m., and is almost entirely covered 
with a tall rank growth of herbaceous plants : very little grass is visible, and 
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this emphasises Timofeev’s contention for the Minor Caucasus, that alpine 
regions contain thirty to forty, and subalpine seventy to eighty, species of 
herbs as compared with eight of grasses. 

The plants of the Gvileti and Kasbek valleys are so much alike that it 
will give a more unified picture to list them together. The following are the 
species collected in these two localities at the beginning of August. The final 
identification of them has rested with Mr Dmitri Sosnovsky, of the Tiflis 
Botanic Garden, to whom my thanks are due. 


POLYPODIACEAE 

Asplenium tricliomanes ^ 

Athyriiim alpestre 
Cryptogramnie crispa 
Dryopteris oreades 
Bryopteris robertiana 
Poiypodium vulgare var. rotundatiim 
Woodsia fragilis 

Oechidaceae 
Gymnadenia conopea 

Salicaceab 
Populus tremula 

Polygonaceae 
Oxyi'ia digyna 
Rumex alpinus 

Chenopoeiageae 
Chenopodium foliosum 

Cabyophy-llaceae 
Alsine imbricata 
Biaiitbus alpinus 
Diantlins petraeus 
Miniiartia imbricata 


Ranue-ctjlaceae 
Aconitiim caucasicum 
Aconitum nasutum 
Aconitum orientale 
BelpMnium flexuosiim 
Ranunculus boissieri 


Papavbeaceae 
Papaver bipinnatum 
Cbecipeeae 
Tblaspi arvense 
Cbassijlaceae 
Sedum oppositifolium 
Sempervivum caucasicum 
Saxipeagaceae 
Parnassia paiustris 
Rosacbae 

Alcbemiila pubescens 
Alcbemiila tredecimloba 
Pragaria elatior 
Rosa dumetorum 
Rubus idaeiis 
Rubus saxatilis 


Leguminosae 
Medieago glutinosa 
Vicia alpestris 

Geeaniageae 
Geranium pyrenaicum 


CiSTACEAE 

Helianthemum cliamaecistus 
Thymelabaceae 
Bapbne glomerata 
Onagbageae 
Chamaenerium palustre 
Epilobiiim algidiim 
Epilobium nervosum 
Umbellifebae 
Astrantia biebersteini 
Astrantia maxima 


Eeicaceae 
Vaecinium vitis idaea 
Oleaceae 
Ligustrum alatum 
Gentianaceae 
Gentiana asclepiadea 
Gentiana caucasica 
Gentiana septemfida 
Labiatae 

Betonica grandiflora 
Mentha silvestris 
Thymus serpyllum 
SOLAXACEAE 

Physalis allmkengi 
Sgrophulabligeae 
Rhynchocorys orientalis 
Verbascum orientale 
Bipsagaceae 
Gephalaria procera 
Scabiosa caucasica 
Oampanitlacbae 
Campanula collina 
Campanula rapuuculoides 
Podanthum amplexicauli 
Compositae 

Centaurea fischeri var. ociiroieuca 
Centaurea jihrygia 
Borouicum maerophylium 
Inula glandulosa 
Inula helenium 
Leontodon hispidus 
Mulgedium racemosum 
Pyrethrum niveum 
Pyrethrum parthenifolium 
Seneeio candoUeanus 
Seneeio nemorensis 
Solidago virga aurea 
Swertia iberi^a v. aUeida 
Tanacetum vulgare 
Tragopogon reticulatus 
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The most beautiful of the blossoms is Scabiosa cmmmim, tlie queen of aJI 
the Caiieasian flowers. 


Zone VIII. Alpine (2200 m.). 

At 2200-2400 m., in the Gvileti valley, clinging to the precipitous north 
slopes of the mountain, grows a dense thicket of RhoiodenJron cmicasioum. 
Intermixed with it are Vaccimum vitis idaea^ Sorbus micuparia and Beiida 
pubescens. The birch, in places, occupies the ground alone. An occasional 
inhabitant of these higher slopes is, again, Salix caucasica. 

The Georgian Military Way leads on from Kasbek to Kobi and to the 
Divide. The latter is a treeless pasture covered with grasses and the poisonous 
Veratmm album. The Caucasian lily, LUium monsdelphuni, is also present. 

From its maximum altitude of 2345 m. (7692 ft.) the Way winds down 
through country less magnificent than the north slopes of the Caucasus, be- 
coming more and more arid until the semi-desert plains of Tiiiis are reached 
at an altitude of 400 m. 


THE FENLANDS OF LOUGH NEAGH 

. By JAMES SMALL. 

{With a SJceteJi-maqy in the Text,) 


The actual recognition around Lougli Neagh of fenlands, as distinct from the 
very prevalent acid moors of Ireland, was made by the writer in June, 1928, 
after carrying out determinations of the hydrion concentration of the water 
in various drains and, as a result, comparing the flora of East Anglia with 
that of the Moss Lane region as listed by Miss Mary Dufl, to whom the chief 
credit of the discovery must be given. The much regretted death of this 
enthusiastic field worker has delayed the detailed investigation of regions 
other than Moss Lane, but the closer survey of selected areas is proceeding 
and it is hoped to publish the data later. 

Topography. 

Lough Neagh is the largest inland lake in the British Isles, a sheet of water 
roughly 24 km. (15 miles) from north to south and with an average width of 
about 16 km. (10 miles). Draining the basaltic plateau of Co. Antrim, the 
streams of Six Mile Water and Maine Eiver flow in at the north-east; while 
from the Mourne moimtains comes the River Bann in the south; from the 
higher lands of Tyrone and Armagh comes the Blackwater at the south-west; 
and from the Sperrin mountains of Tyrone the Ballinderry River on the west 
(this must not be confused with the townland of Ballinderry in the Moss Lane 
region). In addition the Lough receives the waters of numerous smaller 
streams. The outflow occurs at Toomebridge where the Lower Bann begins 
to fall its 15*8 m. (51*9 ft.) into the sea some 48 km. (30 miles) away. 

The average rainfall of the drainage area is approximately 76 cm. (30 in.), 
decreasing generally from west to east. This, combined with the slow flow of 
the Lower Bann, produces extensive winter flooding. The lough side is there- 
fore rather difficult of access except during the summer months, actual fen 
areas being under 30 to 90 cm. of water from October to March each year. 
The detailed survey of such areas can proceed only slowly as local workers 
become available, and the present short note is given merely to indicate the 
presence of the fen formation in Ireland. The map illustrates the relatively 
small areas w^hich have been examined in detail and the relatively large areas 
which in reconnaissance have been distinguished as either true fen, or mixed 
fen and acid moor alternating, according to slight differences in the usual limits 
of winter flooding and with the extensive peat cutting which may reduce the 
level to the critical depth for fen or even expose the undertying still relatively 
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alkaline marsh or fen peat. Miss J. M. White in a forthcoming publication 
on ‘^^Be-colonisation after peat-cutting’’ deals with these points in detail. 

Portmore, which is connected with Lough Neagh by the Tunney Out in 
summer and by several flooded areas in winter, is a typical young broad,” 
The water is only about 1 m. deep in summer, the substratum a deep rich 
black mud ; the aquatic associations pass into closed reed swamp, and thence 
to swamp can. 

Lough Neagh water. 

There is no direct analysis available of the water in the Lough, but Lurgan 
is said to draw its main water supply from the Lough and the following are 
the “Results of chemical examination of a sample of water labelled 'Tap 
water from main’ received from R. Pedlow, Esq., M.B., Lurgan.” This 
analysis is by Prof. W. James Wilson, to whom the writer is indebted for 
other information. In parts per 100,000 — total solids 14*0, total hardness 9*0, 
chlorine as chloride 1*60, nitrogen as nitrate 0*01, saline ammonia 0*0015, 
organic ammonia 0*0100, oxygen absorbed from permanganate 0*194. 

The hardness 9*0 may be compared on the one hand with the Belfast Mourne 
on the other with 23 to 28 for the London Thames supply, 
and about 40 for London spring supplies. The hardness, mainly as calcium 
carbonate, is derived from the basalts of counties Antrim, Londonderry and 
Tyrone. The granitic Mourne supply is much softer and is acid in reaction. 

The hydrion concentration of the open water of the Lough is in the region 
of 7*0, and this increases in the drains to as much as pH 6*5~6*0, but 
never more. Since the waters of acid moors are usually in the region of pH 
4*5-5*0, it was this relative alkalinity which led to an examination of the 
flora as possibly belonging to the fen formation. 

Flood levels. 

The average winter rise in the Norfolk fen waters is only a few centimetres 
or inches, but the average winter rise in the level of Lough Neagh is about 
1 m. (3 to 4 ft.), occasionally 6 ft., seldom more. Much of the land around the 
lough on all sides except the north-eastern section is very low-lying, so that 
in winter one can travel extensively by boat over summer hayfields and rood- 
mosses. 

Lough Neagh as a buffer solution. 

Lakeside peat is formed by the partial decay of plants of the aquatic 
formation, and by the gradual raising of the soil level passes into fen peat, 
which supports the amphibious or non-aquatic flora included in the fen forma- 
tion. The natural tendency of the fen is to lose its relatively (or actually) 
alkaline ground water by leaching and drainage and to pass into acid moor 
by the development of Sphagnum which hastens the acidification of the 
surface waters. 
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Tlie growth, of Sphagnum may be inhibited by at least two factors: 
(ff.) a low rainfall giving an insufficient water supply as in East Anglia^ and 
{h) a plentiful supply of neutral or alkaline ground water renew^ed periodically. 
The second factor is at present active in the Lough Neagh feiilandSj, where 
the rainfall is ample for an abundant development of Splmgmmi. 

The annual floods around Lough Neagh act as a buffer solution, removing 
every winter from the sphere of action the excess of hydrogen-ions produced 
during the summer by the normal activities and normal decay of the vege- 
tation, The buffer capacity of this very dilute solution is undoubtedly low", 
but the large volume (150 sq. miles) available, and the periodic renewal of 
supplies every winter for even 6 months at a time, make this low buffer 
capacity quite sufficient to keep the hydrion concentration of the soil wmter 
below the critical level for the growth of Sphagnum, 

That this buffering effect of the flood waters is essential for the maiiiteiiance 
of fen conditions is proved by many details of the surveyed regions. For 
example, where the ground level is slightly higher than the average flood level 
a MoUnia transition stage is found, with occasional Sphagnum and small 
developments of CaMuna or Erica, clearly incipient acid moor^. Recolonisa- 
tion, after the peat of acid moor has been cut out, furnishes numerous local 
cases of the critical depths for the development of swamp, fen, or the various 
successional communities of the acid moor. These data appear in the full 
accounts of detailed surveys given by Miss Duff and Miss White, who have 
contributed so effectively to our knowledge of this interesting region. 

The pen foemation. 

Telluric neutrality or relative alkalinity combined with a large percentage 
of typical fen species has been proved by Miss Duff’s detailed survey of the 
Moss Lane region (see area south-west of Portmore), and by Miss White’s 
detailed surveys of northern Armagh at Brackagh, Derryadd, Derryvore, 
Derrylard, Derryinver, Derrytrasna, etc., and along the rivers Bann, Tall 
and Ballybay as far south as Kilmore. These areas are cross-hatched, where 
they occur on the map, but some are to the south and are not included. 
Along much of the low-lying shore of the lough the actual soil water reaction 
remains as yet undetermined, but certain index plants of the reed swamp and 
fen formations occur, e.g. Garex pseiido-cyperus, Typha angustifolm. Skim 
latifolium, Phragmites communis, Phalaris arundinacea, Oenanthe fiMulosa, 
Garex panicea, Orchis incarnata, Frangula alnus, Lathy rus palustris, Thalic- 
trumjiamm, Spiranthes stricta, etc. We can, therefore, temporarily postulate 

^ Occurring as it does around the crown of Derryola Island which is an island only during 
severe winter floods, the Molinietum appears here to have the status of one stage in an autogenic 
hydrosere, the fen prisere, and not to be part of an allogenic subsere or deflected succession as 
suggested for Wicken Pen by Godwin and Tansley, who take summer water levels there, while 
in the Lough Neagh area it is the winter flood levels which are the dominant edaphic factor. 
See The Vegetation of Wichen Fen, by H. Godwin and A. G. Tansley. Cambridge, 1929, 



the presence of fenlands in the areas which are single-hatched on the map. 
The real extent and distribution of fen in these regions require detailed in- 
vestigations which it is hoped will be carried out in the future. 

Comparisons: East Anglia and Lough Neagh. 

The following species are common to the two regions : 

Aquatic formation: Ohara spp., Elodea canadensis, Hvppuris vulgaris, 
Ilgdrocharis morsus-ranae, Lemna 4 spp., Myriophyllum spicatum, M.. verii- 
cillatum, Potamogeton cnspus, P. natans, P. lucens, P. perfoliatus. Ranunculus 
circinatus, Riccia nutans, R. fluttans, Zannichellia palustris, Cicuta virosa, Iris 
pseudacorus, 3Ientha spp., 3Iyosotis palustris, Nymphaea lutea, Ranunculus 
lingua, Scirpus kicustrts, Siwn latifolium,, Sparganium ram>osum>, /S. simplex, 
Typha angustifoUa, Utricularia vulgaris. 

Fen association: Alisma ranunculoides, Anagallis tenella, Angelica syl- 
vestre, Anthoxantlium' odoratum, Carex elata (stricta), C, jiava, (7. panicea, 
C. pseudo -cyperus, Drosera intermedia, Eriopliorum angustifolium, Filipendula 
ulmaria, Galium palustre, Hydrocotyle vulgaris, Lathyrus palustris, LycMiis 
flos-cuculi, Lysimachia vulgaris, Lythrum salicaria, Menyantlies trifoliata, 
Myrica Gale, Oenanthe fistulosa, Orchis incarnata, Ophioglossum vulgatum, 
Phalaris arundinacea, Phragmltes vulgaris, Potentilla erecta, Potentilla palustris, 
Senecio aquaticus, Thalictrum flavum, Utricularia minor, U, intermedia, Va- 
leriana officinalis, Viola palustris. 

Carr association: Alnus rotundifoUa, Betula puhescens, Caltha palustris, 
Carex panicea, Cicuta virosa, Eriophorum angustifolium, Filipendula ulmaria, 
Frangula alnus, Fraxwus excelsior. Iris pseudacorus, Ligustrum vulgar e, Lysi- 
machia vulgaris, Lythrum salicaria, Molinia caerulea, Myrica Gale, Osmunda 
regalis, Phalaris arundinacea, Phragmites vulgaris, Potentilla palustris, Quercus 
robur, Ranunculus lingua, Rhamnus catharticus, Ribes nigrum, R. ruhrum^, 
R. grossularia (cult.), Salix cinerea, Urtica dioica, Viburnum opulus. 

Cladium mariscus and Dryopteris thelypteris of East Anglia have been re- 
corded from the Portmore-Selshan region but have not been found in the 
present survey and are commonly supposed to be extinct at these stations. 

The following species occur in East Anglia but are not known from the 
fens of Lough Neagh : 

Aquatic formation : N aias marina, Potamogeton interruptus, Stratiotes aloides, 
all absent from the Ulster flora; Castalia alba (frequent in Ulster), Cerato- 
phyllum aquaticum {demersum) (rare in Ulster), Acorus calamus (introduced 
in Ulster), Caxex acutiformis (absent from Ulster), Carex paniculata (local), 
Rumex hydrolapathum (local). 

Fen association: Calamagrostis lanceolata, Carex disticha, C.fulva, 0. para- 
doxa, Galium uliginosum, Hypericum quadmngulum, Liparis Loeselii, Peuce- 
danum palustre, Pijrola rotundifoUa, Valeriana dioica, all absent from the 
Ulster flora; also Carex filiformis (lasiocarpa), Cladium mariscus, Dryopteris 


James Small 



Note. Since tliis account was written, records for Gladium nmriscus in 
the Lough Neagh region have been found: (u) Loiighgall Lake by Lloyd 
Praeger in Irish Naturalist, 1893, confirmed as still there by J. M. White, 
1930; (b) Ardpatiick, Stewartstown, by T. Greer in LN.J. 1930, p. 129, 
where Salix repens is also recorded from eskers at Creggan and at Lough 
Neagh. Juncus ohtusifloms has been found between Charlemont and Black- 
watertown about 7|- miles from Lough Neagh, also Runiex liydrolapatlmm at 
Bannfoot on the Lough, both by J. M. White. 
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ihelypteris, Epipactis palustris, Glyceria aquatica, Hyper kmn ehies, Juncus 
obtusiflorus {subnoduhsus), Oenanthe Lachenalii, which have one or two stations 
in Ulster outside the Lough Neagh area. 

Carr association: Carex acutifomiis, absent from the Ulster flora; Carex 
panieuhta and Salix repens, present in Ulster but not yet noted in the Lough 
Neagh fenlands. 

Carex Ursula, Spirantlies stricta and ZannicIielUa maerosienion are recorded 
from around Lough Neagh but do not occur in the corresponding floristic lists 
for East Anglia. 

These comparisons make it quite clear that nearly all the fenlaiid species of 
East Anglia which are available as constituents of the more limited flora of 
northern Ireland occur on one or other of the fenlands of Lough Neagh. 

In conclusion the writer desires to record the sincere sorrow and great 
regret of himself and his colleagues that the enthusiastic worker, Miss Mary 
Duff, M.Sc., who made this account possible, died at an early age on October 
14th, 1929. 

Department op Botany, 

Queen’s University op Belfast. 


SUCCESSION IN XEROPHYTIC INDIAN GRASSLANDS 

By W. burns, D.Sc. (Bdin.), 

Economic Botanist to the Government of Bombay and 
Principal, College of Agriculture, Poona, 

L. B. KULKARNI, M.Ag. (Bom.), 

Acting Assistant Professor of Botany, College of Agriculture, Poona, 

AND S. R. GODBOLE, B.Ag., B.Sc. (Bom.), 

Assistant Economic Botanist, Bombay Eepartmefit of AgncultuTe. 

{With PlMes XXI and XXII.) 

The Bombay Presidency is a long strip on the west coast of India. Excluding 
Sind, it measures 1100 miles in length and its average breadth is 200 miles. 
The Western Ghats, a mountainous range whose main ridge runs parallel to 
the coast, causes excessive precipitation during the monsoon on the ridge itself 
and creates a “rain shadow” to leeward of it. The area which we are about 
to describe is to leeward of the Ghats, in the neighbourhood of Poona. The 
rainfall occurs between June and September, the average annual rainfall 
being 24 in. This area is typical of a very large tract in the so-called Bombay 
Deccan. The cultivated crops of this tract are millets and oil seeds, while the 
uncultivated and uncultivable areas are covered by grasslands. The under- 
lying rock is Deccan trap, a volcanic rock of great area and depth. It weathers 
into a disintegrated form called murum and finally produces soils of varying 
depth, texture and colour, mostly well drained and lacking in humus. The 
poorer soils have much rock still present and large boulders are common. 

The long dry season at once rules out this area as a place for typical grass- 
land in Schimper’s sense. The grass vegetation is composed of (1) perennial 
grasses whose aerial parts wither and die (and are often burnt) annually, 
(2) annual grasses of varying length of life whose seed lies dormant in the 
ground till the next rains. Where trees are found they are mainly of the thorny 
types, and Acacia arabica is common on good soil while Acacia leucopUoea 
and Acacia catechu are found on poor soils. These trees, however, are very 
much nibbled by goats and also lopped by man for firew'ood and get little 
chance to grow to any great size. 

The grassland may be roughly divided into three types: 

{a) that occurring on hilly areas with scattered surface stones; 

(6) that occurring on fairly deep rich soils with a comparatively high water 
content; « 

(c) that occurring on flat, shallow, poor soil. 



390 Sueeession in Xerophytie Indian Grmdmids 

Throiiglioiit all of these, species of Aristida and tlie speargrass, Andropogcni 
contortus, are found, but in the hilly area xerophytie tussock grasses occur 
and in the low-lying areas occasionally tufts of mesophytic perennial grasses 
are present. The dominating factor is cattle-. The village cattle are let loose 
every morning to roam over these lands; on which there are no fences, of any 
kind. They begin to graze as soon as there is the faintest appearance of a 
green leaf and they continue throughout the year as long as there is anything 
left which is eatable. The cattle range freely and so affect a very wide area. 
Their trampling as well as their grazing has a considerable efthet. At no time 
of the year, therefore, is there any tall stand of grass, since it is perpetually 
cropped level with the ground. In the hot w^eather, March to May, accidental 
fires generally sweep over the area, leaving it with a burnt surface. Ants 
collect the seeds of grasses and bury them in their holes, making occasionally 
aggregations of grass species. The stones which occur particularly on the hilly 
area give a certain amount of protection to the grasses growing aniongst them, 
and also act as a kind of mulch (Plate XXI, Phot. 1). It will also be under- 
stood that this Deccan grassland is peculiarly subject to erosion wdiich may, 
in the case of a hillside, rapidly remove the surface and get dowm to bare rock, 
and in the case of deep soil may excavate an ever-growing ravine. A retro- 
grade succession is thus easily observable anywhere. 

In favourable conditions the succession from rock to grassland has been 
studied by us in an area of 7 acres fenced in 1920 and kept under study till 
1930. The succession observed was as follows: 

In the hilly area the gradually accumulating soil carried first of all species 
of the Commelinaceae such as Cyanotis fascicuhta. Then came the short-lived 
dwarf grasses Oropetium Thomaeiim, Tripogon Roxhurghimvm and Gmcilea 
Royleana. The next stage was the establishment of Aristida fwniculata and 
A. redacta along with the annual form of Amlropogon contortus. The unen- 
closed land never got beyond this stage. Under enclosure the next stage was 
the growth of Andropogon monticola and Ischmmum laxum.>; Andropogon 
tfitiems also occurred sparingly. In the fiat shallow soil even under enclosure 
the tussock grasses developed very slowly unless artificially transplanted. 
The stage Anstida-Andropogon contorkis, therefore, appears to be the climax 
of the flat, shallow area. In the deeper soils, with more soil moisture, perennial 
grasses appeared, but they were different from those found on the stony hill 
slopes. These perennial grasses were Andropogon annulakis, Androjiogon can- 
cosus and Iseihina laxum (Plate XXI, Phot. 2). This association was distinctly 
unstable, and excessive moisture caused a development of Cyperaceae, species 
of Eriocauhn and other swamp weeds, while artificial drainage brought on 
an invasion of the perennial grasses from the hilly area and even signs of the 
Aristida-Andropogon stage. Soil moisture determination from the three 
typical areas— namely^ hilly, flat, shallow soil and good, deep soil — showed 
characteristic differences. 
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VoL. XIX, Plate XXI 


Phot. 2. Tussock grass developing in a low-lying area of good soil 
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VoL. XIX, Plate XXII 


Phot. 3. Echinops echinatus on an over-grazed area. 


Phot. 4. Low stone embankment causing development of tussock grass. 
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In tlie hot weather (i.e. the driest season of the year) the hilly soil had 
from 4 to 6 per cent, total moistixre, the flat, shallow soil from 3 to* 6 per cent, 
and the good, deep soil 15 per cent. 

One unexpected result appeared from our experiment. In certain portions 
of the land we left the grass uncut with the idea of allowing it to rot and so 
add humus to the soil ; the grass, however, was so fibrous that it did not decay 
but lay on the ground acting as a denuding agent, effectively killing vegeta- 
tion, preventing germination of seeds and keeping the rains from reaching 
the soil. The areas which had been denuded in this manner by the overlying 
debris were in the following season invaded by ruderals such as Vicoa auricu- 
lata. It will be seen, therefore, that the grass produced must either be cut, 
grazed (but not over-grazed) or burnt if it is not to form an obstacle to next 
year s growth. Over-grazing also caused an increase of ruderals such as 
Lepidagathis cristata and Echinops echinatus (Plate XXII, Phot. 3). 

Amelioration of such areas is distinctly possible, as we have proved by 
experiment. The first essential is fencing, so that the free movement and 
indiscriminate grazing of cattle may be checked. Low embankments of local 
stone along the contours check run-off, allow accumulation of silt and form 
starting places for tussock grasses (Plate XXII, Phot. 4). Thereafter some 
simple system of rotational grazing or cutting is all that is needed. Expensive 
fencing is out of the question, as the present value of these lands is low. 
There are one or two villages which have undertaken the organised manage- 
ment of their grasslands (even without fencing) with excellent results, utilising 
watchmen to keep the cattle on particular areas. Until, however, there is 
some pressing economic factor causing the effective management of these waste 
lands to become a matter of urgency, it is not likely that there will be much 
change in them. 
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iNTBODUCTIOlSr. 

The present paper is based on a survey of certain oTassl^nrlQ 

eastern Scotland made during the summer of 1929. The method of eYamTnatim 

adopted was the grid method used by Armstrouc^ ID Othpr 

frequency method as used by Stapledou (23) aud'others, and the line methoc 

of taking readings by Raunkiaer (15). Still another way is to cut turfs^Ld 

w JdeciLd toTse form'^’" 

with similar analyses by Armstrong (1) and by the writer (8^ ^ 

T+« rl- ^ f IS a modification of the quadrat method of ecolomsts (271 

Wild White Clover cover’in ap^errance iion-gramineous plants like 

ideTl te SortliftS 

16 281 Onl I mdrcation of the nutritive quality of the herbao-e 

botanical method since both the rim ^ i?^ “^od is the only possible 
an.Iy.iB methnd LpSiSe ^ ““O" 
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■ The general method adopted is first to walk across the area to be investi- 
gated, and note carefully the general type of vegetation and' whether it is 
iimforiii or not, G-eiierally tivo diagonals of a field or area to be examined are 
sufficient to indicate the general vegetation. If the ground is very iiiieveiij 
it may then be necessary to traverse the field several times keeping roughly 
parallel to a side of the field. If assistance is available matters are greatly 
simplified by a second person acting as a marker and keeping one in alignment 
both for preliminary and subsequent detailed examination. For several years 
now one or more of the County Staff have been present at these investigations 
and rendered assistance where necessary. There is also the very important 
advantage of first-hand information as to soil, climate, system of farming, 
maniirial treatment, and, most important of all, method of grazing. This pre- 
liminary survey may take a very short or. a considerable time, depending on 
the state of the vegetation. It is very important, since it warns one what to 
expect when the more detailed examination commences. 

After the preliminary survey one knows whether readings across two 
diagonals or in parallel lines will be required and also ■whether a large .nninber 
of readings will be necessary or a few' ■will suffice. Commencing from either 
a corner or some other point of the field or area imder investigation, the grid 
is thrown several yards ahead. Where it lands a reading is taken, each species 
and the area of ground it covers being noted. This process is repeated across 
the field. If the readings are homogeneous as regards the chief species, then 
only a few on each diagonal may be necessary ; but ■where there is considerable 
variation from reading to reading the number must be increased, sometimes 
very greatly. These readings are then added up for each species and divided 
by the total number taken, the average giving the figures for the field or area. 
Quite, recently we. submitted for statistical investigation all the figures for a 
field wffiere only twelve readings were taken. The result of the investigation 
was that the difference in figures for the chief species was significant and the 
order wmald not be changed if corrections for experimental errors were made. 
As this example was taken at random it seems that the method is reliable 
ill the hands of experienced workers. 

In grassland investigations like the present one, it is impossible to separate 
the agricultural from the botanical side since the two constantly react on 
each other. As this investigation is. essentially botanical, the agricultural 
aspects have been discussed only in so far as they influence vegetation. No 
typical mountain or hill grasslands are considered in this survey. 


Shoet leys ok tempokaky gkasslakds. 

Fifst^yeaf grasslands. 

The botanical composition of grasslands which have been recently sown 
are, other things being equal, determined by the nature of the seed 
mixture. The other factors are soil conditions, climate, altitude, exposure, 
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and the treatment of the grassland, mechanical, maniirial and grazing. Where 
the custom is to employ short leys or grassland of short duration (about 
three years) it is generally found that the land is in good heart and arable 
farming is flourishing. This necessitates as much soil under cultivation as 
possible, and under such conditions permanent grassland is either absent or 
else on the higher reaches or on unreclaimed land. It is obvious that under 
such conditions the various factors are generally favourable to good germina- 
tion and growth and to subsequent skilful treatment. As a revSiilt, if the seed 
mixtures are at all similar, the grasslands will tend to show a strong similarity. 
The failure of any of the important clovers in the mixture, such as Red or 
White Clover, or the substitution of Dutch. White for Wild "White, would 
completely alter the flora of the grassland. From a practical point of view, 
however, the two great advantages of the short ley are that quick-growing 
shorter lived plants can be used and a large bulk of fodder obtained, and any 
w^eakness lasts only three years ; whereas in a long ley or still more in a per- 
manent pasture it may mean a loss over a long period, if not the breaking up 
of the. grassland. A further point is that if breaking up is necessary and if 
the grassland has not been successful, the result may be adverse on the suc- 
ceeding crop. 

On examination of the four examples of the first-year stage of short leys, 
it will be seen that they show a strong resemblance. Nos. 1 and 2 show a very 
strong resemblance to No. 4. Wild White Clover is less plentiful and Perennial 
Rye Grass dominant. Being in a di.fferent district and at a higher altitude 
the difference in the factors is quite sufficient to account for this, as the pro- 
portion of ground covered by White Clover and Rye Grass fluctuates during 
the season. No. 3, however, is somewhat different. It will be seen that thc^re 
is no Red Clover and only 4 per cent, of "White Clover, Rye covering 66 per 
cent, of the ground, while 19 per cent, of the area is bare. This points to a 
failure of the Red Clover, and, later, of W^hite Clover to develop. . If the 
19 per cent, bare space is reduced to the average figure of Nos. 1, 2 and 4, 
and the amount deducted added to White Clover, No. 3 shows a striking 
resemblance to No. 4. It is not in general safe to manoeuvre with figures this 
way to indicate or attempt to prove what is the cause of any ■weakness. But 
in the present case, the field having been seen and experience of such work 
gained, the method holds good, as is indicated by reference to Nos. 5 and 12. 
The Red Clover was not too successful, and, following on this, the White 
Clover has failed to make an adequate showing. The Clover present was 
Wild White Clover. Wild "ftTiite by spreading conserves surface moisture and 
prevents a high proportion of bare space (9). The slightly higher proportion 
of Cocksfoot is another fact which points in the same direction. A too heavy 
crop, or the laying of the crop, may also seriously depress the clovers. Unless 
ild White Clover appears and spreads in No. 3 during the next two years, 
is every probability of weeds filling up the bare areas and reducing the 
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value of the grassland. Another point of importance is that with so much 
hare space the heavy loss of moisture will seriously retard the growth of plants 
already present. A somewhat similar case to this is No., 25, The effect of 
cutting for hay is to favour the taller-growing grasses (and Eed Clover if 
present) and to depress plants of shorter and more spreading growth. In 
25 A White Clover occupies 9 per cent, of the area, while' Eye accounts foi*' 
35 per cent., Cocksfoot 27 per cent., and 21 per cent, is devoid of vegetation. 
Ill 25 B, which was grazed and therefore kept short, "Wild White Clover has 
flourished and spread, with the result that the area devoid of vegetation, in 
spite of a drought, is only 9 per cent, against 21 per ceijt. in A. On the other 
hand. Rye and Cocksfoot show a reduction as might be expected. The difference 
is even greater than the figures indicate, since there was far more food for 
stock ill 25 B than in 25 A, which was suffering from drought and yielding 
very little keep. The absence of Eed Clover in 25 clearly indicates the use of 
Broad Red in place of Late Flowering Red. It also strongly suggests the same 
conditions in No. 3. 


Second-year grasslands. 

In the second-year grasslands there is a natural tendency for Perennial 
Rye Grass to decrease and "Wild White Clover ’to increase. Cocksfoot will 
probably also show a slight increase, although it is usually in later years and 
ill long leys that Cocksfoot reaches a high figure. This is due to the fact that 
the typical commercial Perennial Eye* is not truly perennial but dwindles to 
a small proportion of long-lived survivors by the third year after sowing. 
Another point is that Cocksfoot is a slower-growing plant in its early stages 
than Rye Grasses or Red Clovers, and therefore gets retarded by these till 
the competition from that source decreases. Timothy is also affected in a 
similar way. Rough Stalked Meadow Grass, on the other hand, may flourish 
at a much earlier stage, since it is one of those plants which do much better 
when growing with other plants than by itself (13 a). 

Comparing the second-year grasslands examined the four examples tend 
to fall into two classes. The classes can be distinguished by either a high 
proportion of Wild White Clover and a small quantity of Rye Grass or the 
proportion of Rye is high and Wild MTiite Clover less than in the former class. 
Nos. 5 and 6, though for different counties, show a strong resemblance, the 
presence of a high proportion of Yorkshire Fog in No. 5 accounting for the 
difference in proportion of Wild White Clover. It is of interest that No. 5 
is on the same farm as No. 3 of the first-year grasslands. It indicates the 
probable outcome of the absence of Wild White Clover (or the use of Dutch 
White), an insufficient number of plants present to spread in the early stages 
and consequently the danger of too high a proportion of bare space. No. 6 
was a fine pasture carrying a large number of stock in g 4 )od condition — always 
a good test of the condition of the grassland. No. 7 shows a good proportion 
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of rye grass and a good quantity of White Clover, As No. 7 is from the same 
farm as No. 1, it will be seen that there is little difference in the second year 
except that there is an increase of bare space by 6 per cent. This may quite 
easily be due to harder grazing. No. 8 shows a high proportion of Eye for the 



second year, Meadow Grass (Rough Stalked) and Cocksfoot inakiiig a good 
appearance. As No. 8 is from the same farm as No. 2 it is evident that there 
is no marked difference during the second 3 "ear beyond an increase in the 
grasses. Except for the large proportion of Yorkshire Fog in No. 5, the second- 
year grasslands show no indication of reverting to a more natural type of 
vegetation, largely due to the good fertility of the soil, and the grazing of the 
vegetation being adequate. It will also be noted that Timothy has made an 
appearance in measurable quantity for the first time. 


Third-year grasslands. 

The grasslands in the third year of growth show little change from those 
already examined. There is a rather natural tendency for Perennial Rye and 
Wild White Glover to form an association and to dominate completely the 
vegetation, as is true of some of our best grasslands (1, 11). In Nos. 9 and 10 
the vegetation consists essentially of Wild White Clover, Rye Grass, some 
Cocksfoot, and a little Timothy. No. 9 is on the same farm as Nos. 1 and 7. 
It shows little change from the first- and second-year grasslands— some im- 
provement, indeed, since the bare space has been considerably reduced — while 
apart from the presence of Field Thistles, weeds have made no progress. 
No. 10 shows a high proportion of ground covered by Wild White Clover, 
while Rye Grass (10 per cent.) and Rough Stalked Meadow Grass (12 per cent.) 
give a total of 22 per cent., which is quite a good proportion of nourishing 
grasses. A trace of Yorkshire Fog and 2 per cent. Buttercup is not a matter 
of serious importance. Cocksfoot with only 1 per cent, is very low, doubtless 
due to a light seeding. 


Fourth-year grasslands. 

Grasslands in the fourth year show little difference from the third year. 
The most noticeable change is the decrease in Perennial Rye Grass, which is 
replaced by Cocksfoot, Rough Stalked Meadow Grass and in one case even 
by Timothy. In No. 11 Yorkshire Fog, even in the fourth year, has not made 
great progress, although 2 per cent, is more than enough of such a grass. 
Other weeds are not present except an occasional plant of Field Chickweed 
{Cerastium arvense chiefly, sometimes C, vulgatum). The large area of ground 
covered by Rough Stalked Meadow Grass (25 per cent.) points to a good supply 
of moisture and a development of the association with Wild White Clover 
which has been noted elsewhere (24). No. 12 is very interesting since it is 
on the same farm as^Nos. 3 and 6. The high proportion of Cocksfoot and 
Timothy (10 and 5 per cent, respectively) is important, showing that the land 
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is in good fertility. The high proportion of ground covered by Wild White 
Clover (76 per cent.) suggests that the very low percentage in No. 3 in the 
first year may be due to the depression of Wild White Clover in the early 
years. Another obvious point is that in No. 12 grazing has been confined 
chiefly to cattle and horses. Had sheep been grazed and the grazing close, 
Timothy would not be present in such quantity in the fourth year. 

Long leys and permanent orasslands. 

When we pass from an examination of grassland in its fourth year to long 
leys and permanent pastures the differences are frequently more in degree 
than in actual flora. Some long leys and even some permanent grasslands 
show a shorter list of plants present than the typical temporary ley. The 
fertility of the land, the care and treatment of the pasture and the skilful 
control of grazing animals can readily produce this result. No. 13 is an 
excellent example of such a type where the grassland is 17 years old. The 
Wild White Clover (70 per cent.), Perennial Eye (26 per cent.) association 
accounted for 96 per cent, of the area. Yarrow covered 1 per cent, and the 
remainder consisted of traces of Meadow Grass, Cocksfoot, Field Chickweed, 
Geranium, with an occasional plant of other species. This splendid pasture, 
created and maintained by artificial means, is comparable with the magnificent 
lawns of some of the Oxford Colleges, which have been achieved by constant 
care and similar treatment over a long period of years. In one case the result 
is achieved by grazing and in the other by cutting. In both cases the vege- 
tation has settled down to a definite association which will remain constant 
so long as the factors, which brought about and at present maintain them, 
do not vary. 

Nos. 14 and 15 are from the same farm and offer an interesting comparisoua 
The outstanding difference is that No. 14 has 32 per cent, of the ground 
occupied by Bent Grass and 2 per cent. bare. Wild W^hite Clover, Perennial 
Rye and Rough Stalked Meadow Grass all give a good proportion, while 
Crested Dogstail is also present in quantity. Both contain some Yorkshire 
Fog. In No. 14 there may have been too much bare space in earlier years and 
Bent and Yorkshire Fog have occupied the vacant space. It was noticeable 
that the grazing of No. 14 had been quite inadequate. In No. 15 it will be 
seen that the higher proportion of Clover, Rye and Meadow Grasses have kept 
out Bent Grass, and with Crested Dogstail and a little Cocksfoot, Y" arrow, 
Yorkshire Fog and Buttercup have left no space bare of vegetation. The 
presence of Crested Dogstail points to grassland of a perennial type, for in 
many agricultural areas the plant is indigenous to the soil. It is a matter of 
further interest that Nos. 14 and 15 are on the same farm as Nos. 3, 5 and 12. 
The series show that where the original plants succeed in occupying the ground 
there may be little signiflcant change in the vegetation. Where there are 
unpopulated areas, Bent or Y'orkshire Fog or both, with other weeds, may 


398 Survey of Grasslands in the South and East of Sootlaml 

not only gain access but successfully maintain themselves and perhaps spread 
while bad or insufficient grazing always favours inferior plants ' ’ 

No. 16 IS a pasture which has been in grass for 30 years. It is grazed by 
cattle and sheep which receive at times a supplementary ration oUaJce and 
a small quantity of potatoes. This method of feeding stock in the field is 
eqmyalent to manurial treatment, since the extra ration is largely returned 
m the dung of the animals. It is customary on many of the bert isturTin 
ngland. The proportion of the ground covered by the various plants present 

Armstrong ( 1 ) and Fream ( 11 ), is not dissimilar from some English pastures 
lere %e Grasses are not present to any extent (8). The altitude Ld ex- 
posme are indicated by the presence of 3 per cent. Sheep’s Fescue covering 

quarter of the covering vegetation. In spite of this, 60 per cent Wild White 
Clover and 10 per cent. Eough Stalked Meadow Grass! coveiJli. fctilallv 
three-quarters of the ground, indicate that the soil is in good condidon whde 

paltlf w^htr ?o the 

grind, AltfoX ,™ °1 

no tr!.7.f P ^ ^ P’^'^ts of Mdld White Clover were present 
fact b 1 p^’ Timothy or Meadow Gras,ses could be found In 

££oT£,!£rn £££?££ 

. good »,od mixture may fei t f'* ‘I”'''" 

tetility is low and where treatment mrd gratingi i££n£°(25l'‘" 

Hay 'ti. geazins: effect on vegetation. 

and eSnt oilrlSrmay hLT*^" importance of grazing. The nature 

snarly eut4 forj.y prohoJiMl7d‘£lriV“ gtrir '*“'' 

it praotiealiy a co\ti„„£ T f * 

in 25 B, whiei i, , ha^^j fd" '™ out f„, kay and 

at present the dividing fence has kee, ’ *>o grazed. Although 

viamg tence has been removed and both halves are grazed 
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the result of the previous treatment is most striking. The flora of both A and B 
are the same, but the proportion of the ground covered by each species is in 
some cases very different. As might be expected of a hay crop, Rye and 
Cocksfoot being tall-growing plants and competing with Timothy, the other 
plants are greatly suppressed. This is particularly the case with Wild White 
Clover. The failure of Wild White Clover means that bottom turf is not de- 
veloped and bare spaces are left. The figures clearly bring out these points. 
In 25 A Rye covers 35 per cent, of the ground, Cocksfoot 27 per cent., while 
21 per cent, is devoid of any vegetation and only 9 per cent, is covered by 
Glover. In 25 B Wild White Clover occupies 50 per cent, of the area, Rye 
20 per cent., and Cocksfoot 12 per cent., only 9 per cent, being bare. A point 
of considerable interest is that no Timothy is present in 25 B. This is due to 
grazing, as Timothy is much more of a hay than a grazing grass. Where sheep 
grazing is the rule Timothy seldom survives long because the close grazing 
of the sheep kills it (19). Should the pasture remain dowm for several years 
the 21 per cent, bare space of 25 A will most assuredly be invaded by Yorkshire 
Fog and Bent as well as by weeds. This will greatly reduce the value of the 
grazing, and may steadily and successfully oust the more useful grasses as 
well as Wild White Clover. The difference between the two halves A and B 
is even more marked than the figures suggest. B was much greener and the 
vegetation more luscious and nutritious. In A much of the vegetation was 
dry, wiry and unappetising, as was clearly shown by the fact that all the stock 
were grazing in the B half. The important point is that both A and B were 
2 years ago the same, and that in such a short time different treatment should 
cause such a marked change, which in a few years time may lead to A be- 
coming a poor area of almost semi-natural vegetation, while B has the 
possibility of developing into a really good pasture. This differentiation would 
be aided also by the selective grazing of the cattle and sheep, unless means 
are taken to counteract this natural tendency. 

The effect op the strain op White Clover on the 

VEGETATION OF GRASSLANDS. 

It has been very noticeable while considering previous grasslands that 
Wild White Cldver is one of the most important if not the most important 
unit ill the artificial association of plants raised by the farmer. Coiis6c|U6ntly 
any inherent difference in Wild White Clover plants wdll have a vefy far- 
reaching result in the final flora of the grassland after the vegetation has settled 
down to a more fixed phase. The strain, or pedigree, or nationality of the seed 
is most important, since the plants arising from such seed vary in constitu- 
tional strength, resistance to disease, ability to compete with other plants 
and in persistence. As the proportions of ground held by the various species 
ill an artificial association of plants such as one finds in a pasture are in a 
state of mobile equilibrium, weakness or strength in any one species inline- 
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diately affects the other plants, which tend either to increase or decrease as 
the case may be. It is not so simple as a matter of increase or decrease, since, 
before the, others present have succeeded in establishing an.y change, inter- 
lopers, or plants other than those sown, ma}^ appear, and thus completely 
alter the centre of gravity of the balance of power between the species origi- 
nally sown. Since some of these interlopers are probabl}?- indigenous to the 
soil or strong-growing plants which are not readily grazed and thus kept in 
check, the vegetation may completely alter and in a short time present a very 
interesting study in plant ecology. Even in the earlv stage such changes caii 
be seen and the final result foreshadowed. No. 20 is a good case in point. 

he mixtures were sow'ii in the same field and were different only in the straiu 
and nationality of the White Clover. A was Dutch White, B^New Zealand 
n ^ Vi' hite, D Polish White, E a local strain (obviously 

Dutch White). The figures expressing the proportion of ground covered 
indm.ate at a glance the far-reaching result of using inferior strains and 
nationalities. No. 20 C with Kent -Wild \Ahite Clover is the best plot, clover 
covering 70 per cent., Rye 16-3 per cent., while no ground is devoid of ve<.e- 

S ® Zealand W’hite Clover. 

Clover was evidently a mixture of White and Wuld 
iite since it covers only 26-5 per cent, of the ground; Rye accounting for 
34 per cent., Meadow Grass for 10 per cent., and Cock.sfoot for 8 per cent' 
There IS, however, 16 per cent, of the ground unoccupied, while 2 per cent 
IS occupied by Yorkshire Fog. Nos. 20 D and 20 E are about the same, the 
atter being perhaps a shade better; both have 16 per cent, of the ground 
bare and a considerable quantity of weeds. No. 20 A is the poorest, with 
2 per cent of the gromid bare, 8 per cent, occupied by Yorkshire Fog and 
2 per cent, by Bent, while weeds are plentiful. The condition of the vegetation 

*>uggest. The grassland was only m its second year and the high proportion 
of unoccupied ground, with the considerable quantities of weeds in some of 
the plots, points very clearly to a herbage which in a few vears will be a liappv 

SThTtrC! to a fanner. The importance of 

Wild White Clover for covermg the bare spaoe.s, adding nitrogen to the soil 

and conserving the surface moisture, is very evident in No. 20. 

^ ^ Soil conditions and manueial treatment of grassland. 

_^SoiI conditions are of course of fundamental importance in det.TOiinii,..- 
the vegetaffon of any district. The late Robert Smith in In.s vecetation survev 

I^r'Sh (S)^ ft emphasied bv the lam 

Gaithne 1 4Wn in Dr Crampton's researches in 

Caithness (4). In agricultural areas soil conditions mav be greatly modified 

m some cases entirely altered. This is well illnsftated m 2 man^H 

.£ „,d n. soil, „£ ,naay areas „f old or permaoe“l™- 
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land are frequently deficient in one or more of the vital elements of plant 
food nitrogen, calcinni, pliosphorus and potash. Frequently it is lime or 
phosphates which are lacking. When such a deficiency is made good the 
vegetation of the treated area may completely alter, many species disappearing 
and others spreading, while a few not previously evident may appear. No. 21 
is a very good example of the change brought about by such artificial means. 
Ill the untreated area 21 A Bent covers 62 per cent, of the ground 7*5 per cent, 
is bare, 2*5 per cent, is occupied by Sorrel, 5 per cent, by Yorkshire Fog, 3*5 per 
cent, by various weeds and only a trace by White Clover. Rye Grass, Crested 
Dogstail and Cocksfoot are present in small quantities. After treatment with 
basic slag an extraordinary change occurs, for Wfild White increases from a 
trace to 63 per cent., Rye from 5 per cent, to 15 per cent., while Bent de- 
creases from 63 per cent, to 12 per cent, and Yorkshire Fog from 5 per cent, 
to 3 per cent., there is no bare space and weeds have virtually disappeared. 
In fact the vegetation is comparable to some good artificial grass fields. When 
kainit is added as well as basic slag the change is not quite so marked (No. 
21 C), indicating that the soil is not deficient in potassium. Superphosphate 
(No. 21 D) as well as superphosphate with kainit (No. 21 E) are about the 
same as 21 C. It will be noticed that some weeds are still present in 21 D 
and 21 E. No. 21 F shows the least improvement. This might be due to the 
fact that neither nitrogen nor lime was deficient, or that there is another 
deficiency as well as that of lime. It may be (as frequently happens) that a 
good application of lime in any form gives little actual improvement for some 
years. In fact lime at times seems at first to make matters wmrse than they 
were before the application. One point is very evident and that is a phosphate 
deficiency. The marked decrease in Moss and Sorrel both point to acidity and 
to deficiency of the soil in lime. This explains the superiority of basic slag to 
superphosphate, since the former contains some lime vrhile the latter has an 
acid reaction. In No. 22 the grassland was very old pasture which had long 
ago been under the plough. It had been grazed but not to the same extent 
as the rotation grasslands. Bent covered 64 per cent, of the ground, Ling 
10 per cent., various -weeds 5 per cent., Moss 5 per cent., Luztih 2 per cent., 
and Self Heal (Prunella) 3 per cent. There w^as no trace of White Clover, but 
Greater Bird’s Foot Trefoil (Lohis major) accounted for 10 per cent, of the 
area. The presence of Greater Bird’s Foot Trefoil is typical of such semi-natural 
grasslands. A small strip of this grassland wms treated wdth basic slag plus potash 
salts. The result was remarkable. Wild White Clover appeared and increased 
to the extraordinary proportion of 85 per cent., Bent decreased from 64 per 
cent, to 10 per cent., while Moss, Ling and weeds were completely crushed 
out. But for the absence of Rye Grass, which w-ill almost certainly appear in 
the near future, the' treated area compares most favourably with a good 
pasture field of rotation grass. The change is not due merely to the addition 
of phosphate and potash salts, but also to the harder grazing follow^ing on the 
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improved quality of the vegetation. This secondary result of manurial treat- 
ment is most important, for if grazing is inadequate improvement will not be 
so marked and may be only of a temporary nature. 

No grassland investigation would be complete without a consideration of 
lime, or to put it another way, the question of acidity. In regard to 21 F 
it was pointed out that lime did not always give an immediate result as far 
as the vegetation is concerned, but there are numerous instances w^ere the 
application of lime is soon reflected in the changed vegetation. No. 23 is a 
good example of this, although a quantity of road compost -was also added at 
the same time. The field was a large one on the crowui of a low^ hill about 400 ft. 
above the sea-level. The soil although not of a high order of fertility was by 
no means poor, though on the light side. Some years ago half the field was 
treated with lime and a compost chiefly of road scrapings. The second-year 
grass showed a very remarkable and clean cut difierence in the vegetation 
and appearance between the treated and untreated portions. The untreated 
was at a distance a study in red and violet. On closer inspection it was thin 
and bare, but the extraordinary quantity of Sorrel {Rumsx acetosa) and Wild 
Pansy {Viola tricolor) wms astounding, the floral colours making the quantities 
seem greater than they actually were. Of the grasses Perennial Eye alone 
made any great showing, occupying 38 per cent, of the ground, Yorkshire Fog 
ranking next with 5 per cent. Alsike Clover occupied 0-5 per cent, of the 
ground, Greater Bird’s Foot Trefoil 1 per cent., but no other legume was 
present. Hawkweed occupied 4 per cent, and Field Mint 3 per cent, of the 
area. Hence, apart from Eye Grass, the useful plants were virtually absent 
or present in such small quantities that they gave no value to the pasture. 
The treated area showed a remarkable difference, for Wild White Clover 
occupied 25 per cent, of the ground, Perennial Rye 55*5 per cent., Cocksfoot 
4 per cent., Timothy 0-5 per cent., Alsike and Red Clover 5 per cent, each, 
Sorrel and other weeds had completely disappeared, while the bare area in 
spite of a dry summer and an exposed position was only 4 per cent. Of the 
inferior grasses Yorkshire Fog alone was present to the extent of 1 per cent., 
a very marked reduction. The vegetation of the treated portion compares 
very favourably with the second-year grasslands investigated and indeed 
shows a strong resemblance to No. 8. It is unfortunate that there is now no 
means of determining what mineral ingredients of the road scrapings may have 
played a part with the lime in improving the fertility of the soil. The fiiiely 
ground particles of some road metal may release a considerable amount of 
plant foods such as potash, phosphates, and sometimes even lime, as has been 
pointed out by Hendrick and Newlands (12) for some Scottish soils. The chief 
item in the change is undoubtedly lime, which not only removed acidity but 
so improved the physical and chemical condition of the soil that Mint dis- 
appeared. The reduction of Sorrel from 13 per cent, to nil is remarkable. 
A good example of the influence of lime alone is shown in No. 24. The field is 
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at present in rotation grass and has therefore been in cultivation for some 
time. The untreated portion is dominated by Bent Grass (45 per cent.), with 
a little Yorkshire Fog (2-5 per cent.), Perennial Eye Grass (2*5 per cent.), 
Greater Bird’s Foot Trefoil (2*5 per cent.), Sorrel (2 per cent.), and Gorse 
(0*6 per cent., rising to as much as 2 per cent, in some parts), but most im- 
portant of all 44-5 per cent, of the ground was bare. There were traces of 
Cocksfoot, Crested Dogstail, Ked and White Clover. On the portion treated 
with lime some years ago the vegetation is entirely different. Wild White 
Clover covers the ground to the extent of 82 per cent., Eye Grass has increased 
to 15 per cent., Eed Clover and Cocksfoot have both increased. Yorkshire 
Fog shows a marked decrease, while Yellow Suckling Clover has appeared 
and Greater Bird’s Foot Trefoil and Gorse have disappeared completely. The 
three outstanding points are that all bare spaces have disappeared. Sorrel 
can no longer be found, while Bent Grass is reduced from 45 per cent, to a 
few isolated plants. The treated part, 24 B, shows quite a strong resemblance 
to some of the short rotation grassfields of the more fertile soils. It is evident 
from a study of Nos. 23 and 24 that lime is the deciding factor in both cases, 
and that acidity leads not merely to the presence of Sorrel and weeds but to 
a condition of affairs where Creeping Bent obtains a position of complete 
dominance. This is clearly shown in No. 17 which is practically the neigh- 
bouring field to No. 24. For final consideration No. 26 makes an excellent 
study of almost semi-natural grassland, close to Nos. 17 and 24, the soil 
conditions being similar except that No. 26 is in need of draining; No. 26 was 
originally Ling and Birch. The only factor which has altered it is grazing. 
Within recent times artificial manures have been applied but no lime. The 
bulk of the vegetation is Bent (57 per cent.) and Eushes (30 per cent.). 
Yorkshire Fog reaches 5*5 per cent., Luzula 2*5 per cent., and Meadow Grasses 
2 per cent. The remainder is clothed with Galium saxatile, Potentilla erecta, 
Prunella vulgaris, Hypericum humdfusum, Anthoxanthum odoratum, Cynosurus 
cristatus, with a few isolated plants of Ranunculus repens and Trifolium repens 
(Wild White Clover). Here once more we have an excellent example of how 
one deficiency may render grassland extremely poor. Remove that deficiency, 
and, other things being equal, the vegetation may be totally altered. Nos, 
17, 24 and 26 make a most interesting trio, for the close relationship beWeen 
the vegetation of the three is evident. 



Discussion. 

It is evident from the temporary grasslands examined that the flora is 
determined first by the competition between the species originally sown and 
second by the advent of any interlopers which succeed in successfully gaining 
a footing in the artificial vegetation raised by the farmer. This competition 
is not a natural one since the sound management of grassland includes the 
maiiiteiiaiice of soil fertility, mechanical and other means of eiicoiiragiiig the 
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plants originally sown and discouraging interlopers, and a system of grazing 
wliicli favours the formation of a good turf by the biting down of all plants 
present in the area. Climate, season, exposure and altitude may seriously 
interfere with one -or more of these factors. Again, the modification or omission 
of any one of these factors which is within the control of the farmer imme- 
diately alters the status quo of the artificial association (9). If any one of the 
species sown occupies a greater proportion of the herbage than intended it will 



necessarily decrease the space occupied by one or more of the others. If the 
species which does this is short lived, and those which should have contributed 
the bulk of the herbage in later years have been crushed out, a weed or weeds 
may capture and even dominate the bare spaces left by the death of the 
shorter-lived species (18). Methods of overcoming this difficulty are not 
always practical or economic, and to this must be added the choice of grazing 
by stock. Stock exercise a distinct choice of food (palatability) with the result 
that weeds and less nutritious plants are neglected and nutritious plants may 
be overgrazed. The neglected inmitritious species then spread because they 
are left to seed, or by vegetative means, the flora of the grassland changes to 
a more natural type, and the value of the grazing may become very low. 
Even on the best farms a prolonged drought or a very wet season may so 
upset the balance that it may be several years before the former state of the 
vegetation is recovered; sometimes it never returns to the same eoiidition. 
In all such cases finance is the decisive factor, for obviously a farmer will not 
knowingly spend more money on a pasture than he can regain. Moreover, 
the stock question is all important, and if there is any difficulty in adequately 
stocking the grassland changes, often of a retrogressive nature, are bound to 
occur (10). 

On the other hand, grasslands in a poor condition may be improved. Are 
such grasslands natural or are they old cultivated areas which have been 
allowed to revert? (26) Often the nature of the vegetation is of much assistance 
in determining this point. In natural or semi-uatiiral grasslands (26) skilful 
and adequate grazing will often produce fine results. In some instances the 
only deficiency may be lack of phosphates (No. 21), althougli lime is also 
frequently deficient (Nos. 23, 24). Grassland which has arisen from old plough- 
land may be deficient in several plant foods. This state of affairs often leads, 
especially on higher ground, to a return to heath or scrub vegetation, and the 
same change may be met with even in the lower lying areas. Where the 
drainage of the soil is defective water-logged conditions soon arise, rushes 
spread rapidly (No. 26), and in time the grassland may develop into a inarsh. 
Mhere grasses still remain the dominant species, the constant accuin illa tion 
of vegetable matter may become faster than the rate of decay (19). Bent 
will certainly gain the ascendancy, with Yorkshire Fog, Sweet Vernal Grass, 
Luzula campestris, and many other species completing an almost natural 
association. As time goes on moss and lichens may follow till ultimately 
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Sphagnum may appear. Now it is the grazing factor that keeps untended 
grassland from changing to heath, scrub or woodland, for the really natural 
grasslands of Britain are probably very limited in extent (20). Mixed grazing 
produces the best result ; grazing by one species of stock exclusively leads to 
welbknown and clearly marked conditions of grassland. This can be illustrated 
by the state of the turf where rabbits are plentiful, for the rabbit-grazed areas 
have a distinctive appearance and turf (7), It is also evident from No. 25 
that allowing the grass to grow tall and cutting for hay is quite different in 
its results from the short cropping of grazing. Consequently the factor of first 
- importance is a biotic one — the grazing of animals. 

The flora of some permanent, semi-natural and natural grasslands presents 
many problems. Their past history is important but frequently unknown. 
Occasionally these grasslands are broken up and resown successfully (13 6), 
sometimes a renovating mixture is used (14), and in not a few cases increased 
grazing can produce wonderful results (8). The difficulties are lack of soil 
aeration, deficiency of one or more plant foods and most frequently inadequate 
grazing. A herbage which is well grazed and not allow'ed to grow to length 
is far more nutritious, as has been recently shown (28). The importance of 
grazing and its role in the improvement and future treatment of grasslands 
has not always been sufficiently realised. It does much to decrease the long 
list of plants present in some of the semi-natural grasslands. Many of these 
plants have a value in poor grassland, but are considered weeds in good grass- 
land. Bent, Yorkshire Fog, and a few other inferior grasses and dicotyle- 
donous plants have some value in such cases. Which plants are to be con- 
sidered as weeds is a difficult problem, as has been indicated by Brenchley (2). 
The reduction or suppression of many of these inferior plants is difficult, 
owing to their ability to propagate themselves by vegetative means (17), 
Bent being a very good example (3). It is often one of the biggest problems 
in improvement. The condition of the soil frequently assists the less nutritious 
plants. Acidity is one of the most common causes of inferior vegetation. 
Sorrel and other calcifuges flourish and spread, not because they prefer acidity 
but owing to the more nutritious grasses and clovers being unable to offer 
any competition (22). This is well illustrated by Nos. 23 and 24. 

There are a few individual species whose presence calls for some comment. 
The disappearance of Field Mint [Mentha arvensis) after the application of 
lime and road compost (No. 23) may suggest competition as the chief cause. 
Competition comes in, but a more fundamental cause is at work. Mint may 
remain in grassland in spite of grazing and cutting. Liming, however, alters 
the physical and chemical conditions in the soil, altering those factors helpful 
to Mint and favouring grasses and clovers. It is often associated with poor 
drainage oi* an impervious layer'some distance below the surface soil, a state 
of affairs readily altered by liming. 

Gorse [Ulex europaeus) is another example of a plant which is much 
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affected by liming, as is shown by the ease of No. 24. There were plenty of 

seedlings and young plants in the unlinied part of the field. Here again the 
cause is not entirel}^ a question of competition. It is the change in soil con- 
ditions which react adversely on the seedlings and young plants of Gorse, 
lessening their chances of survival and successful competition. In most in- 
stances where Gorse is found growing the soil has an acid reaction. It is not 
a plant which is readily eaten, so that grazing is not the solution of the problem. 
The increased growth of grasses and clovers, however, does affect it very much, 
since their more luxuriant growdh tends to shade out the Gorse seedlings. 

Greater Bird's Foot Trefoil {Lotus major) is another very interesting case. 
It will be noted that in Nos. 22 A, 23 A, 24 A, and 26 this plant is present in 
the unlimed soil, but disappears shortly after liming. The success of this 
Lotus in long, coarse, and tufted vegetation is due to its ability to send up 
long, slender stems to the light, W'hen other legumes are shaded out. One 
might therefore expect that it would (being a legume) show- to still better 
advantage when soil conditions are improved. It seems, how^ever, that it is 
not very sensitive to acidity and adverse conditions. In 1927 it vras sow^ii 
across strips of very acid soil treated with lime, kainit, sulphate of ammonia, 
basic slag, and ‘‘^complete minerals" respectively as w^ell as on untreated soil. 
The area was originally a Nardetum type of vegetation on the southern basal 
slope of Caerketton, the elevation being about 1100 ft. At the end of the year 
and throughout the growing period L. major showed no appreciable difference 
in growth across the treated strips. Red and White Clovers show^ed marked 
differences and even L. cofnicidaPiis varied in growdh according to treatment. 
Alsike Clover showed much less response to different treatments than the 
other clovers, w^hich is in keeping with its presence in 23 A. Hence it seems 
that L. major — at least under certain conditions — does not show a marked 
response to manurial treatment. In this connection it was noted that in the 
grasslands of Devonshire where grazing was not close or intense L. major was 
frequently the only legume present in some of the poor grasslands. Again, 
where manurial treatment was tried — chiefly with phosphates — the first stage 
in improvement was marked by a luxuriant growth of this plant. Later it 
completely disappeared and Wild White Clover with some of the more nutri- 
tious grasses dominated the vegetation. In other -words, it represented a 
certain phase in the floral succession of grasslands. It seems, therefore, that 
lime has not a very marked effect on L. major, but lime with other manures 
may stimulate other plants which are the.n more readily grazed. The grazing 
adversely affects L. major, whose recovery after eating down is .relatively 
slow^ Thus it is the combined effect of competition and grazing which crushes 
it out, and not the direct effect of liming. 

The presence of Viola tricolor in grasslands is not unusual, for in many of 
the poorer grasslands ^t is plentiful where the soil is light and rather acid. 
Another situation where this plant tends to appear in quantity is on dry sandy 
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banks after Wkins {Ulex europaeus) have been burned down. One of the first 
plants to colonise the ground after the fire may be Viola tricolor. In parts of 
Aberdeenshire and Kincardineshire, we have seen Viola tricolor form an almost 
closed community following the destruction of Whin areas by burning. It is 
soon overwhelmed by other plants, but its short dominance was a well-marked 
phase in the colonisation of the bare space after burning. Its presence in 
grassland also represents a phase in the development of the vegetation. As 
soon as soil and other conditions are altered it rapidly diminishes in numbers 
or may completely disappear, as shown in the case of No. 23. 

It is evident, then, that although the geological formation and the nature 
of the surface soil may be a decisive factor in determining the flora under 
natural conditions, this is not necessarily true of all agricultural land. The 
marked similarity of some of the grasslands, both temporary and permanent, 
in different parts of Scotland, where the elevation and geological formation 
are different, is very noticeable. This is due not only to the biotic factor but 
to the making good of any deficiencies in plant foods which primarily existed 
in these soils before agriculture altered them. It is another of the many 
instances where natural factors may be completely altered and the result 
reflected in the vegetation. 

The botany of grasslands presents a whole series of such ecological prob- 
lems. These problems are complicated by the fact that so many artificial . 
factors are introduced, modifying and often completely changing the natural 
condition and tendencies of the vegetation. There are many interdependent 
factors most difficult to assess at their true value. Hence it is that such 
problems are becoming more and more of a separate study in themselves. 
From the few examples studied it is evident that there is much work still to 
be accomplished, and that many of our poor grasslands will make a good 
response to sound treatment. That it can be done is evident from several of 
the examples quoted. There is only one thing that may render improvement 
impossible, and that is the question of cost. When cost is the deciding factor, 
as it often is at present, then the Botanist after doing his part must hand the 
problem over to the Economist. 

Summary. 

Provided soil conditions are good, the success of grassland of short dura- 
tion is chiefly dependent on the sowing of a well-balanced seed mixture. In 
consequence these grasslands generally show a strong similarity in flora. 

The use of an inferior strain of any species, such as White Clover {TrifoUmn 
repens), may cause marked changes in the flora and the proportion of the 
species present. 

As grasslands grow older— -unless badly treated — the floral changes are 
gradual and tend to follow the persistence of the species sown. Trifolmm 
repens (Wild White Clover) covers more ground, as also DacUjlis glomerata. 



I am deeply indebted to Mr J. A. Carlyle, B.Sc., and bis assistant Mr 
. D. M. R. Leask, B.Sc., in the County of Angus; to Mr J. C. McIntyre, B.Sc,, 
in Perthshire; and to Mr A. R. Waiinop, B.Sc., B.Eiig., in Roxburgh and 
Berwickshire. But for their unstinted help and most generous guidance, the 
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Poa tfivialis, and perhaps Phleum pratense, while Loliuni perenne tends to 
decrease to a more stable proportion. 

Cutting more than one hay crop .may have disastrous results in depressing 
and even killing the more important turf-growing species. The resulting grass- 
land may in consequence become bare and full of weeds. 

Ill grasslands of long duration, soil conditions and general treatiiie.iit play 
a very important part; grazing is a most important biotic factor. Deficieiic<y 
of nitrogen, calcium, phosphorus or potassium, or of more than one of these, 
is reflected in the flora of the grassland. 

Where the grazing and general treatment of old grassland lias been con- 
tinuously sound, the vegetation is often restricted to a small number of species, 
and the flora shows a strong resemblance to that of short- duration grasslands 
on soils of high fertility. 

The accumulation of undecomposed plant remains and poor drainage are 
immediately reflected by the typical flora of grassland so affected. 

The marked and swift changes in the flora of many grasslands when any 
marked soil deficiency is removed and grazing is adequate provide an inte- 
resting ecological study of great practical importance. 
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PRELIMINARY WORK OF A NEW BIOLOGICAL 
STATION (LOUGH INE, CO. CORK, I.F.S.) 

By LOUIS R W. RENOUF. 

[WUhPMesXXlII-XXVI and Z Maps.) 

Historical. 

Mr Richard Southern, of the Fisheries Branch of the Department for 
Agriculture and. Technical Instruction for Ireland, whilst on a cruise for the 
Department, spent five days collecting specimens and making observations in 
Barloge Creek and Lough Ine or Hyne, into which it opens, during November 
1916. 

So interesting did this area appear to be, from the data collected during this 
short time, that the Royal Irish Academy formed the intention of investigating 
it in detail, as soon as times were normal again. Post-war conditions, however, 
altered the outlook of even this long and firmly established body, and the 
matter had to be shelved. 

This was briefly the introduction to the district which Dr R. Lloyd Praeger 
gave the author during 1922 on the first occasion they met, some little time 
after the latter had taken up duties at University College, Cork; and with it 
was coupled a strong suggestion to the effect that, as it was within easy access 
of Cork, the author should begin its investigation. 

A visit to the district was made dming the following February, 1923, and 
though for the three days of its duration rain was incessant, the inducements 
met in other directions were such as to make the author resolve to follow Dr 
Praeger’s suggestion, and arrangements were made to spend part of the follow- 

ing Easter Vacation at Baltimore, where the nearest accommodation was 
available. 

During this first fortnight a very general idea of the Baltimore-Lough Ine 
legion was obtained, and more or less permanent quarters were found at 
Baltimore. These were used as headquarters during the Summer Vacation and a 
Survey” was started. This very soon showed that Lough Ine would be an 
ideal situation for a laboratory to be used as headquarters, from which to carry 
out the contemplated survey of the Carbery Region. In the complete absence 
of funds and in view of the apparent impossibility of obtaining accommodation 
of any kind at Lougli Ine, prospects, however, were not very bright, 

^ But the very next year a small bequest left by Miss E. Crawford Hayes, for 
the promotion of biology, became available, and the Governing Body of 
Umversity College, Cork, agreed with the suggestion that some of this should 
be spent on the proposed work. During March, 1925, a large room was rented 
and used as a laboratory at Baltimore, and a really serious start was made. 
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Gradually the shyness of the farmer holding Barloge, the key to Lough Ine, 
was overcomGj and short stays were made at the farm. These culminated in the 
obtaining of permanent living accommodation at Barloge, and the installation 
of a very large pacldng case in a sheltered situation alongside the Narrows, 
between Barloge Creek and Lough Ine itself, for use as a laboratory, during 
1926. This was the condition of things for some three years, during which 
Baltimore was used as headquarters. Lough Ine as a field station. 

1928 saw the erection of an army-hut type of building which was fitted out 
as a laboratory and aquarium alongside the Narrows, and an intensive study of 
Lough Ine and its immediate surroundings was started. Reports of what we 
were doing and of the richness of the area from the biological aspect prompted 
enquiries from other universities, as a result of which a second larger laboratory, 
with simple feeding and lavatory accommodation was erected and equipped 
(Plate XXV, Phot. 11). This has been used by visiting classes and individual 
workers each Easter and Summer Vacation since, classes preferring the former. 
In consequence our ambitions have increased, and we hope eventually to see 
the Cork University Biological Station firmly established as a fully recognized 
station, and to extend our operations over a much wider area than that 
originally contemplated. A second consequence of this unexpected develo|)- 
ment is that the amount of research work accomplished so far, by the station 
itself, is not so great as it would have been had the necessary time not been 
given to organising the arrangements for visiting workers, and on this hangs 
the need for publishing this general account of what has been done, that it may 
serve as a guide to what we hope will be done in the near future. 


Distmot involved (see Map I, p. 412). 

The wider area referred to above is roughly 20 miles wide by 32 miles long, 
and lies between Bantry and Dunmanway to the north, Bantry and Mizen 
Head to the west, Mizen Head, the Pastnet Rock and Glandore to the south, 
Glaiidore and Dunmanway to the east; in other words it embraces the greater 
part of the old barony of Carbery. 

Of the 600 and odd square miles enclosed by these lines the sea and tidal 
estuaries account for some 250, land and fresh water for some 380. 

The land area includes a great deal of hilly country, especially to the west 
and north, with ranges of hills stretching roughly from Glandore to Dunman- 
way — highest point 986 feet; Dunmanway to Bantry, with Owen (Nowen)^ 
Hill 1763 and 1673 feet, Derreenacrinnig 1330 feet, Miillaghmesha 1629 feet; 
Bantry to Sheep’s Head, with Seefin 1139 feet, to Mizen Head, with Milane 
Hill 1160 feet, Mount Gabriel 1339 feet, and Knocknamaddree 1034 feet. 
Most of the river valleys between these are small and represented mainly by 
narrow strips and small areas between the ranges and the sea. The valleys of the 


^ Cnoc Owen — the Hill of Streams. The Hen, the Bandon River and the Meallagh (Bantry) 
River all arise here. 
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Soutliern extremity of Ireland, showing the positions of Baltimore and Lough Ine, 







Geology. 

The greater part of the Carbery region consists of Old Red Sandstone, 
through which run bands of Carboniferous Slate, the general direction of the 
formations being south-west, and the bands alternating with each other in their 
general arrangement. 

The Baltimore-Lough Ine district is nearly all Lower Old Red Sandstone ; 
a belt of Carboniferous Slate, about 2 miles wide, lies to the north, and passes 
from Roaring Water Bay, through Skibbereen and Leap. Other belts border 
Dunmanus and Bantry Bays, the former becoming wider as it is traced inland, 
its southern limit lying about a mile to the south of Drimoleague and converg- 
ing towards the more southern belt mentioned above. 


Present sphere of operations. 

Up to the present work has been confined to the more or less immediate 
neighbourhood of Baltimore and Lough Ine, special attention having been paid 
to Lough Ine itself. Although a great deal of work has been done, none of it can 
claim to be in any way complete, except in so far as it has amply confirmed the 
original expectations that the area would prove to be of exceptional interest. 

This interest is presented not only by the variety of habitats within a very 
small radius and the richness of the fauna and flora they support, but also 
especially by the varied problems which many individual species and associa- 
tions offer. In addition to the more purely academic problems suggested b}^ 
many of the habitats and associations, both plant and animal, a problem of 
first class importance is afforded by the changes which have taken place in the 
larger marine fauna. These have resulted in the failure of a considerable hake 
fishery, which was carried on from many centres along the coast ; a lucrative 
pilchard industry, whose headquarters were at Baltimore and Bantry; and 
oyster fishing, from beds in Lough Ine, between the islands in Baltimore 
Harbour, and elsewhere. Hake and pilchards seem to have deserted the coast ; 
oysters have been suffocated by silt or have perished through other agencies. 
So far as Lough Ine is concerned Asterias glacialis L. and Nassa incramita 
(Stroem.) may have been the culprits, though probably the low temperature of 
the water has been another factor. 


% 





General features op the region (see Map II). 

The whole district around Baltimore and Lough Iiie consists of unevenly 
undulating country, much of which is jugged in the extreme (Plates' XXIII™” 
XXVI, Phots. 3, 4, 7-10, 11, 14). Pockets of very fertile soil occur, but most of 
the fields are small,' the majority under two acres, and even in these large out- 
crops of rock are frequent. The ground riscKS rapidly from the sea, the rise along 
most of the coast east of Baltimore Harbour being very steep, often practically 
sheer, while the coast throughout the region is very rocky. Beaches are 
numerous, owing to the indented nature of the coast, but for the most part 
they are composed of boulders and pebbles, and are very small in extent, 
Sandy beaches are of rare occurrence, the chief ones being Traiiaplousa and 
Tragowenmore on the west of Sherkin, and Tragiimna or Tragemoiia (see 
Plate XXV, Phot. 13) to the north of Gokane Point and east of Lough Iiie. 
Caves, the majority of them small, occur in many places, and subterranean 
passages, through which the sea ebbs and flows, pierce Kedge Island and the 
headland of which it once must have formed part. 

By far the greater part of the area consists of moorland (see Plates XXIII, 
XXIV, Phots. 3, 4, 7), interspersed with marshes, ina,rsh. pomls (Plate XXIII, 
Phots, h, 6), peat bogs, bog ponds where the peat has l)(‘en cut, Jiiid small lakes. 
Many interesting transitions from one to the other oecair. Of the lakes Lough 
Ballyally, some 9 acres in extent, is the largest, Lough Nacartan, about 2 acres, 
is probably a large bog pond, while the lough at Tragemoiia, 2 acres, promises 
to prove of special interest because it is liable to wave effects at spring tides 
during south-west gales. 

The Eiver Hen is tidal to just above Skibbereen, but the main channel is 
narrow and its navigation difficult. Boats up to 50 tons still, however, ply as far 
as Sldbbereen, which is a very important distributing centre. In the estuary 
proper the. river is divided into two very unequal arms by the islands of 
Inishbeg, about 100 acres, and Eingaroga, about 900 acres, the eastern one of 
which is reduced at low water to a small stream meandering through a mud flat 
and between countless rocky islets. The southern shore of Eingaroga and the 
smaller Spanish Island, separated from its south-western extremity by a very 
narrow channel, form the northern boundary of Baltimore Harbour, whose 
western limit is determined by the eastern shore of Sherkin Island. The channels 
leading into the harbour from the Atlantic on the south, between the mainland 
and the south-ea>st of Sherkin, and between the north-east of Sherkin and 
Spanish Isle, are very narrow, whilst the former contains a sunken rock— the 
Loo — marked by a buoy. The channel is marked at night by a lighthouse on 
Sherkin and a white beacon on the mainland on to which it flashes. 

Sherkin Island is very irregular in shape by reason of the large bay known 
as Kinish Harbour, which nearly divides it into three. South-west of it lies 
Cape Clear Island, the southern point of which is usually described as being the 


414 Preliminary Worh of a New Biological Station 







JOURNAL OF ECOLOGY 


VoL. XIX, Plate XXIII 


Phot. I. Baltimore. Cove Bay at high water. 
Tranadroum and Sherkin in the background. 
Sheehan’s Island is the rising ground behind the 
two cottages. 


Phot. 2. Baltimore. Cove Bay at low water, 


Phot. 4. Baltimore. On the way to the Beacon, 
Sherkin in the background. 


Phot. 3, Baltimore. Typical country, 


Phot. 5. Baltimore. A marsh pond, normal con- 
dition. 


Phot. 6. Baltimore. Same pond as phot. 5, after 
an exceptionally dry spell. 
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most southerly point of Ireland. Actually, however, this honour belongs to the 
Fastnet Rock^, which lies some 3 miles south-west of the. , usurper. Between 
Sherkin and Cape Clear and the peninsula running south-west and ending in the 
Mize.n Head are numerous other islands and 'islets. The largest of these are 
Hare or Heir (about 380 acres), the three Calf Islands (together about 200 
acres), and to the north-west of these Long Island (300 acres), Castle Island 
(120 acres) and Horse Island (165 acres), which are said to have formed one 
long island until the middle of the ninth century. North-west of these is 
Roaring Water Bay, whose name is elegantly descriptive of the conditions 
which prevail there during a south-westerly gale. 

Baltimore district. 

Coast. The coast from the inner harbour round to the Kedge Rocks is very 
much indented with small bays and gulfs. Two of these are especially worthy of 
mention, because they contrast very strikingly with each other. They are the Cove 
and Tranadroiim (Plate XXIII, Phots. 1, 2), both within Baltimore Harbour 
and separated from each other only by a low-lying strip of land some 26 yards 
wide by 236 yards long. According to local tradition the high ground, composed 
mostly of rock, which forms their north-western boundaries and which is known 
as Sheehan’s Island, was actually an island until the Spaniards who established 
a pilchard industry here joined it to the mainland. (The holes into which poles 
were put during the process of extracting oil from the fish are still quite plain — 
see Plate XXIV, Phot. 9.) The floor of the. Cove is of mud, intermingled 
with sand and covered with boulders and stones along the south-east and 
south-west, whilst a small stream enters at the southern corner. Its fauna, 
therefore, includes burrowing Molluscs and Polychaetes, such as Mya arenaria 
L., Tapes virgineus L., Carditmi edule L., and Arenicola marina L., which are 
dug for bait, the daisy anemone, Gereus pedunculaUis (Pennant), and the sea- 
squirt, PJiallusia mentula ( O.F.M. ), growing in large numbers on small flat stones 
embedded in the mud, and tube-making Polychaetes, such as Sabella pavonina 
Sav., BrancJiiomma vesioulosum (Mont.), and Myxicola infundibulum (Ren.), 
which burrow between these stones. 

The main part of Tramadroum is of rock and pockets of coarse sand, but its 
upper region is covered with stones. Ridges along its south-western and 
boulders along its north-western sides provide shelter for a very different fauna 
from that found even on the rocky parts of the Cove. The most interesting 
members are the G ephyreans Phycosoma gmnulatum (Leuckart) and Tlmlassema 
neptuni Gaertner, and the Hemipteran bug Aepophilus bonnairei Sig., all of 
which live in crevices in the schist. Aepus rohinii Laboulb., a beetle, which lives 
in crevices in boulders which are exposed only at low water of spring tides, 
although it is, Mhe Aepophilus^ an air-breathing form, is found in the Cove as well. 

^ The Irish name for the Eastnet, Carrigeena (more correctly?' Carrigaonair), means ‘Hhe 
lone rook.” 
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The flora of Tranadroum. is much richer than that of the Cove by reason 
both of its conformation and of the fact that it is more exposed to wave action. 
A complete study of these two bays is in progress. 

From Baltimore seawards the ground rises and the whole of the coast is 
very rugged, in many places sheer. These characters are well seen at Beacon 
Point, at the entrance to the harbour, where there are sharp ridges, deep 
gullies and caves, which support an abundance of life. At low water of spring 
tides the edible sea-urchin, Echinus esculentus L. is exposed in large numbers, 
together with forests of Laminarias and carpets of Florideae. Cliff plants 
include Oritkmum maritimum L. and varieties of Anthyllis. 

Inland. The greater part of the land consists of undulating gorse-lieather 
moor with outcrops of rock in abundance, small fertile patches, most of which 
are used to good advantage, and marshy patches, often with pools (Plate 
XXIII, Phots. 6, 6). These marshy regions are of very great interest because 
they not only bear different dominant plants, Hypericum elodes L. here, Iris 
pseudacorus L. there, Osmunda-Juncus elsewhere, and so on, but also show 
transitions from one type of association to another, different stages in reclama- 
tion and in reversion. The ponds contain large numbers of aquatic animals, 
Nepa cinerea L. the water scorpion, and Argyroneta aquatica Latr. the water 
spider being especially noticeable. Frogs are scarce, but the common newt, 3Iolge 
vulgaris L. is abundant. On several occasions this last has been found in “^tclug- 
outs ” beneath boulders on the shore which were within the reach of spring tides. 

The more noticeable plants include Pingidcula vulgaris L., Sqnranthes 
spiralis Koch and Rosa spinosissima L. 

The Islands. Sherhin. Sherkin is not only the largest of the islands, some 
1250 acres in area, but also probably the most interesting on account of 
Kinnish Harbour, which all but cuts it into two and which at low water exposes 
large mud-flats, its caves, and particularly the sand at Tragowenmore and 
Traiiaplousa on its southern coast. Glaux maritima L. sea milkwort, and 
bua>eda maritima Dum. sea blite, grow well here above high-water mark, w’'hilst 
Eryngium maritimum L. sea holly and Viola curtisii Foist, occur among the 
grass on the blown sand above the bays. Helix pisana L. the sandhill snail 
occms here in large numbers. The common shore molluscs, especially Litlorina 
rudis (Maton), L. littorea (L.) and Purpura lapillus (L.), exhibit great ranges in 
shell variation, as regards both colour and texture, on the rocks of Traiiaplousa, 
where they occur in great numbers. Another striking feature of the fauna is the 
occurrence, at times, of the lamp Polypes, Lucernaria campanulaia Lamour. and 
Hahclystus auricula Fabr. on Ghondrus and Viva, their normal habitat being 
Zostem. The outstanding record from the other islands is that of a single 
specimen of Ray’s bream, Bramaraii (Cuv.), which came ashore on Hare Island 
during the summer of 1927, and which was passed on by its captor Stewart 
Musgrave, Esq., of Cork. 

Roadsides. RoadsicTes present a great diversity of habitat. Hedges of 
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Fuchsia^ Crataegus, Fagus or Ligustrum, dykes of stone or tnrf, ditches, streams, 
and marshes and bogs with ponds. An interesting contrast is afforded by the 
roads along the eastern and western sides of Lough Ine. The former is entirely 
devoid of trees, the latter bears trees on both sides, some of them meeting each 
other high overhead, while water trickles down the walls of rock, which form 
its western boundary in many places, to form a small stream. The vegetation 
here includes at least sixteen species of fern, including Osmunda regalis L., 
liverworts, lichens and mosses in profusion. Of the lichens Peltigera canina 
Ach. ill association with other species of the same genus, is one of the most 
obvious. On account of the mildness of this situation several forms make very 
early appearances during most years. As examples may be cited a particular 
Quercus sessilis Ehrh., which is usually in leaf by about March 20th, and the 
occurrence of frog spawn during the first days of February. 

The eastern road is beginning to show a transition in its vegetation, on 
account of flooding at high spring tides, through breaks in the sea wall. This 
latter is carpeted with lichens and mosses, but one of the chief interests of this 
side centres around two small ponds, which are separated from each other by 
only a few yards of rock. One of them, fed only by rain and land-drainage, 
supports a meadow of Glyceria fluitans, in which frog spawn develops. The 
other derives its water supply mainly from the Lough, whose water seeps 
through under the road at high tide. Its vegetation consists of Enteromorfha, 
Fums spiralis and small green algae. The sides of the pond support a typically 
littoral flora, including Statice, Salicornia, Suaeda, GocMearia, Plantago 
coronopus and maritinia, and Triglochin maritimum. Along its northern and 
eastern sides grow various species of Jwncus and Carex, 

Lough Ixe or Hyne (see Map III). (Plates XXIV-XXVI, 

Phots. 7, 8, 10, 11, 14.) 

Lough Ine or Hyne lies on the old Skibbereen-Baltimore Road, about half- 
way between these two places, and some 4 miles from them. There are two 
traditions about the name of this piece of water. Of these the one associates it 
with the little holy well of St Ina, a few hundred yards up the Scour Road, on 
the way to Creagh. The other refers to the popular belief that the Lough is 
bottomless, and derives the name from ‘^doimhin’’ (pronounced rather like 
'‘ghine’’), which means ''deep.’’ 

Though the Lough proper is but three-fifths of a mile long by three- 
eighths of a mile wide, its different parts present widely differing physical, and 
therefore correspondingly different biological, features. Roughly rectangular 
in shape Lough Ine is land-locked, except at its south-east corner, where a 
narrow channel some 26 yards across its widest part, puts it into communica- 
tion with the Atlantic Ocean, two-thirds of a mile farther south, via a wider 
channel, Barloge Creek, which broadens considerably opposite Tranabo Cove, 
with which it is joined at high water (Plate XXIV, Phot. 10). 
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The physical feature which most affects the Lough is a rocky sill (Plate 
XXIV, Phot. 8), about 6 feet high, situated at the narrowest part of the 
channel — -usually referred to as the Narrows or the Rapids — on account of 
which the ebb and flow in the Lough do not synchronise with these changes in 
the sea without. Through the narrowness of the channel there is a lag at the 
beginning of the ebb tide, but far more important than this is the fact that on 
account of the Sill, the Lough continues to ebb for a long period, 3| hours 
during neap tides, after the beginning of the flood tide outside. During spring 
tides this period is much reduced owing to the fact that these tides reach the 
level of the top of the Sill, and there meet the ebb tide from the Lough much 
sooner than do the neap tide floods. Hence it follows that the lowest ebbs from 
the Lough occur at the times when the outside ebbs are at their minimum, and 
that there is very little ebb from the Lough when they are at their maximum. 
A second veij important effect of the Sill and the Narrows combined is that the 
flood water entering the Lough and the ebb water descending into Barloge 
Creek is first of all confined and then suddenly released, with the result that it is 
very turbulent and consequently very highly aerated. 

The surrounding land is all high and steep, the peninsula which forms the 
southern boundary of the Lough and the western boundary of the Rapids and 
Barloge Creek being less so than the rest. In spite of this no considerable body 
of fresh water enters the Lough, the largest being the two streams already 
mentioned as entering at the north-eastern corner, and near the north-west 
quay, and another small one which flows into the western corner of the 
Goleen^. Apart from these there are only slight trickles down the face of the 
rocks in various places. At times of heavy rain, however, the amount of 
fresh water which drains into the Lough must be very considerable. In fact 
Southern reports that he found a considerable layer of fresh water, without any 
taste of salt, overlying the salt water, a phenomenon which we have experi- 
enced in a lesser intensity. 

Habitats, The number of strikingly different habitats afforded is very 
surprising, especially when we reflect that the whole Lough covers only about 
a quarter of a square mile. This variety is due to four chief factors: the rocks, 
which form the boundary of the greater part of the Lough are broken into in 
many places, with the formation of small bays, and stone and boulder beaches ; 
an island, Castle Island, shaped something like a figure of eight, lies off the 
southern and eastern shores; the south-western corner opens into a pocket, 
extending southwards for some 400 yards as the Goleen, which besides 
being very shallow contains a few small islets; and the bottom, in addition 
to shelving very differently along different parts of the shore, imdulates 
considerably, and exhibits considerable differences in its composition. Over 
a wide belt, which extends from the north-west quay to the north quay, 
the bottom is of hard ^and and slaty stones, with a good many boulders in 
^ From “goilin,*’ a pool or a little back barbour. 



Phot. lo. Lough Ine. The Coosh at low water. Tranabo 

Sheehan's Island between Cove Bay and irana- behind, Bullock Island to the right. 

Bocks showing holes for Pilchard Presses. 
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places, and slopes more or less gradually. Off some of the bays and beaches too 
the slope is a gradual one. Off most of the rocky regions, on the other hand, the _ 
slope is very steep and in some cases the drop is sheer. This last is true also of 
some of the beaches, whose fringes are formed by slabs and boulders, particu- 
larly where these have been cemented together by calcareous organisms. 
Where the depth exceeds 10 fathoms the bottom is usually made up of very 
fine mud. In places where the shelving to this depth is gradual the bottom is 
harder, generally of a coarse sand, and is covered with rough stones and shells. 
This is true especially of parts along the eastern and western shores. In many 
places the sand is covered with a carpet of a very fine species of Galliihammon, 
which makes washing out the sand very difficult, as it continually blocks the 
sieves. 

Grab samples have been taken in various places to supplement the general 
information obtained by means of the dredge and the trawl, but the bottom is 
so irregular that a great deal more work of this kind and several thousand 
soundings will have to be taken before it will be possible to make even a rough 
map of it. 

Soundings (some 1200 have been taken) show that although the north- 
eastern part of the Lough is covered by 10 fathoms and less of water, and the 
Goleen proper by half a fathom on the average, most of the rest has a much 
greater depth, the average being about 20 fathoms. The deep region lies roughly 
between lines drawn from marks 11 to 42 and from 16 to 40 through 5 Castle 
Island. The maximum depth, 32|- fathoms (59*2 metres), occurs just north of 
the entrance to the Goleen, and lends some slight support to the legend which 
derives the name of the Lough from doimhin, for this is a surprising depth to 
occur in such an area. 

Other Physical and Chemical conditions. As already pointed out, one of the 
most interesting points about the Lough is the fact that owing to the height of 
the Sill in the Rapids above the bottom seawards of the Narrows, the lowest 
ebbs from the Lough occur at the times of the smallest. neap tides. In order to 
determine the maximum ranges of the tides, both in and below the Lough, 
graduated posts have been planted at the northern corner, in the Goleen, in a 
little bay (referred to as Scyllium Bay, shore region S.13 on Map III) on the 
south shore near the Rapids, and at the south-western point of Southern’s Bay. 
Readings taken from these show that, while the maximum difference between 
low and high water in Southern’s Bay is some 12 feet, in the Lough it is rather 
less than 4 feet. (During winter gales, when the Lough is very tempestuous, 
wave action reaches considerably further than these figures suggest.) The 
positions of the tide posts are indicated on the map thus 0 [b] [g [d]. 

Though only a little hydrographical work has yet been possible the results 
obtained are sufficient to show that only the surface water to a depth of some- 
thing under 10 fathoms is directly affected by the tides, but that the whole of 
the water in the Lough, which is more or less regularly stratified, is subject to 
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seasonal cliaiiges. Tliis is shown by the following figures, which gi¥e the average 
temperature, specific gravity (surface), and_pH for September, 1928, and April, 
1929: 
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Temperature ('^ C.) 

Specific gravity 

pH at room tempei'aturi 

September, 1928 

Surface 

15-5 

1027*5 

8*4-~8*5 

20 metres 

14-8 


8*3~8*4 

30 

12-0 


8*0™8*1 

40 

10-2 


8*0~8*1 

April, 1929 

Surface 

11-0 

1025*5 

8*4 

20 

9-6 


8*3 

30 

9-5 


8*3 

40 

8-0 


8*0-8* 1 


The figures for specific gravity show the efiect of the winter rains. A sample 
taken during February, 1930, at the time of a south-west gale gave a reading of 
1024. To the taste it was saltless, but no doubt this was because of the amount 
of fine spray which was being blown about and which must have affected one’s 
lips and critical sense of taste. 

The amount of w’^ork done on salinity and alkalinity is insufficient to lead to 
any conclusions, but the results obtained do suggest that in some parts of the 
Lough the fresh-water streams retain their individuality for some considerable 
distance from the shore. This may be of importance in connection with the 
distribution of Diatoms. 

For the purpose of having standard cross-bearings during sounding, water- 
sampling, dredging, etc., the rocks have been blazed in suitable places with 
patches of white paint. These are indicated on the map by means of circles, 
each of which contains a fixed number. 

Biology, From the biological standpoint the outstanding features are the 
relative absence of the larger algae, the abundance, especially in certain 
localities, of encrusting Corallinaceae, and the extraordinary plentifulness of 
animals, in particular of sedentary and sessile forms, coupled with the occur- 
rence in very shallow water of more or less typically deep-water species. 

Botany, Though the zoning of the lichens and algae is masked in a great 
many places, on account of the irregularities of the shore, and of the narrow- 
ness of some of the zones, it can be made out quite well on the whole. Fucus 
serratus L., however, occurs in only a few places. 

Where fresh water enters Fucus cemnoides L. occurs, in amounts roughly 
proportional to that of the fresh water, if largish stones are present to afford it 
a suitable substratum. In their absence the presence of fresh water is indicated, 
as is usual, by the growth on EnteromorpJia, 

Laminarias are absent from most parts of the shores, but occur to some 
extent on the rocks at both ends of the island; between the eastern end of the 
island and the mainland, ^on rocks which are exposed at low water; on the rocks 
north of the Rapids, and in the mouth of the Rapids Laminaria saccharina L. 
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is tlie common species, with. Laminaria digitata L. and Saccorhiza bulbosa De 
la Pyl. ill addition in the Rapids, where L, cloustbni Edm. also occurs. 

Enteromorpha and Uha occur more or less ahiindaiitly and spasmodically, 
the former where fresh water influence is at work, the latter mainly below the 
Fucus zone, whilst Himanihalia lorea Lyngb. is common in what should be the 
Laminariaii zone, in those places where Corallines are not excessive in amount. 

Corallinaceae are exceedingly abundant, as compared with the other kinds 
of algae present, and are largely responsible for the character of several 
regions of the shore. Along several stretches on the west, the east and the 
south, they (together with Porifera and other sessile animal forms) cement 
together the boulders and rock fragments, the efiect produced in some places 
j being that of a fringing shelf of conglomerate, varying in width from 2 to 10 

I feet or more. This efiect is best seen about the middle of the southern and in 

I two regions of the western shores. The greatest quantity, however, opcurs along 

the middle region of the northern shore of Castle Island, where a Melobesia 
dominates a zone of from 10 to 30 yards or more, encrusting stones and shells 
with a thick tuberculous coating, whilst a thin and somewhat leafdike form 
{Lithoj)hyllum lichenoides Ellis) constitutes a conspicuous feature of Scyllium 
Bay, where it is exceedingly and painfully abundant, both on the boulders and 
on other algae growing on them. Its presence interferes very considerably with 
shore collecting, owing to its razor-like cutting powers. 

A further feature of the algal distribution is the presence of what may be 
' described as small fields of Cystoseira ericoides C.Ag., at the south-eastern 

1 corner and on the north-east of the island, and in smaller patches on the eastern 

I shore, just in front of the Narrows. It will be observed that all these situations 

[ get the full benefit of the in-rushing tide. 

I A remarkable contrast with the abimdance of Corallinaceae and paucity of 

i Laminariaceae in the Lough is provided in the upper part of Barloge Creek, 

f referred to as Southern’s Bay, where the latter are abundant, the former very 

poorly represented. A further contrast is presented by large meadows of 
j sea-grass, Zostera marina L., which carpet the whole floor of the upper half of 

' the Creek, with the exception of the main channels, which are very narrow. 

Zostera marina does occur in small quantities in some parts of the Lough, but 
% these cannot be described as meadows; on the other hand, meadows occupy 

the greater part of the floor of the southern half of the Goleen. These, however, 
are composed of Z. nana Roth. 

Zoology, The most conspicuous animal form is Paracentrotus lividus (Lam.), 
the spiny purple urchin, which occurs abundantly in most places where the 
[ substratum is really hard, with the exception of those which are subject to the 

r full force of the incoming rush through the Narrows, and where the rocks are 

sheer. So plentiful is it in some places that twenty adults may be found in a 
square foot, which contains numerous small specimens too. In some places, 
especially along the southern shore, the olive green vafiety occurs mingled with 
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the deep purple form. It is noticeable also that specimens from different 
regions exhibit very great differences in the length and robtistiiess of their 
spines. In two places, one on the eastern shore, the other on the northern shore 
of the island, Parmentrotus lives in excavations in the rock, as described by 
Mcholls in the Clare Island Report (57, p. 8). It also moves up and down 
the shore with the flood and ebb tides, and is very prone to cover itself partially 
with empty bivalve valves, those of Anomia being its especial favourites, but 
possibly only because they are particularly abundant. 

Were the individual Anomia ephifpium L. equally coiispiciioiis with the 
individual Pamcentrotus this species would be the outstanding inhabitant of the 
Lough, for not only is it exceedingly plentiful in the living state, literally 
encrusting stones and boulders in many places, but its valves cover large areas 
of the bottom. 

Pecten varius L. is the other outstanding Mollusc, and is especially abundant 
on boulders along the north-west, most of the north shore, in various places 
along the west and south, along half the north shore of the island, and in the 
northern part of the Goleen. Off the island it is often covered with the tuber- 
culous Melobesia mentioned in the previous section, in others by sponges, 
which grow to a considerable size and in which a hole, about the size of a five- 
shilling piece in diameter, is kept open by the scallop. In soiiie cases the growth 
of Melobesia is so heavy that a similar state of affairs is brought about here too. 

Littorea littorea (L. ) and Mytihis ediiUs L. are present in even greater iimiibers, 
for, besides being very abundant in certain places, they are generally distri- 
buted wherever the substratum is suitable. Clumps of mussels occur in many 
places, such as the rocks in the Goleen, the rocky islet at the northern corner, 
and especially at the Sill in the Rapids. Some of these may be described as 
small reefs, and are clothed with Tubularia, Phimularm, other Hydrozoa, and 
Polyzoa, besides harbouring many errant forms, notably Ophiuroids and 
Polychaetes. 

Of the remaining Gastropoda Gibbula eineraria (L.) and G, umbiUc£da{Moiit,) 
are common and very generally distributed, though on account of its beauty 
and of the fact that it is much less usually met with, Trivia europaea (Mont.), 
the European cowrie, is more conspicuous than they are. This species occurs 
especially in the region of the Rapids, including Southern’s Bay. 

Of Opisthobranchs Aplysia punctata Ciiv., the sea-hare, and Oscanius mem- 
branaceus (Mont.), occur occasionally, and Pleurobmmims plumiki (Mont.) is 
moderately common, Nudibranchs are well represented, Jorunna johnstoni 
(A. and H.) being the most plentiful and showing very interesting colour 
variations, which render it very inconspicuous against the sponges on which it 
feeds. One particularly arresting case of this was met with during 1928, when a 
pairing couple was found, one individual of which was dark scarlet, the other 
dirty yellow, their colours matching exactly two adjacent sponges on which 
they were standing, anfl into which they had eaten. Limapontia capitata 
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(Mull) and Elysia viridis (Mont.) occur in numbers, but so far Alderia has not 
been observed, though Lough Ine is but 4 miles from the original locality for 
this genus— in the River lien. 

Niidibraiichs and Tectibranchs constitute such a feature of the fauna of the 
shores of the Lough and of Southern’s Bay that a list of species identified to 

date is of considerable interest: 

I 

Nudibranchs 

Archidoris tuberciilata (Cuv.) 

A. testiidinaria (Risso.) 

Jonimia jobnstorii (A. and H.) 

^ Rostangia coccinea (Forbes) 

I Doris flammea {A..and H.) 

I Aegires punctilucens (d’Orb.) 

Triopa claviger (O.F.M.) 

Goiiiodoris eastanea (A. and H.) 

G. iiodosns Mont, 

Lameliidoris bilameliata (L.) 

Acanthodoris pilosa (O.F.M.) 

Ancula cristata Alder 
Doto pinnatifida (Mont.) 

Polycera qiiadrilineata (O.F.M.) 

P. ocellata 

x4ntiopella cristata (delle Oliiaje) 

As related in the introduction, Lough Ine was once frequented for the sake 
of its oysters. Now, however, Ostraea is scarce in the living state, though its 
former abundance is vouched for by the quantities of valves which persist, 
while there is still a very small bed below the main part of Southern’s Bay^. 

Worms” belonging to very different groups are well represented, but by 
far the most plentiful species is the Serpulid Pomatoceros triqueter Morch., 
which in many places covers a considerable proportion of the surface of stones 
and rocks. This is especially the case in a little bay on the eastern shore of the 
Goleen, where the slabs are all but covered by the chalky tubes of this species, 
which here form a retreat for Phoronis Mpqoocrepea L. This remarkable form 
occurs also in the thick encrusting Corallines found at the north-west point of 
Castle Island, and probably elsewhere. Polynoids, too, are abundant, but the 
most conspicuous worms, by reason of both their numbers and their large size, 

? are the Terebellid Polymma nebulosa (Mont.), which fortifies its sinuous slimy 

covering with small stones and fragments of shell, and the bright orange 
coloured Nemertinean Cerebratulus marginatiis Renier, whose delicate mem- 
branous tube has the appearance of semi-translucent mica. 

After Pamcentrotus the most striking of the Echinodermata is Asterias 
glacialis L., small specimens, up to 5 or 6 inches in diameter being common on 
the under-surface of rocks and boulders along the shore, while large ones, up 
to 16 inches in diameter, are common in deep water. The difference in colour 
between the shore and off-shore specimens is very marked, a steely blue-grey 
prevailing in the former, various shades of yellowish brown in the latter. 

1 Tlie upper part of Barloge Creek, where it broadens out on the ^vest we designate Southern’s 
Bay in acknowledgment of Mr T. C. Southern’s work of 1915. See Plate XXIV, Phot. 8. 


Galvinia farrani (A. and H.) 

G. picta A. and H. 

G. tricolor (Forbes) 

Facelina drummondi 
F. punctata (A. and H.) 

F. coronata (Forbes) 

Tergipes despectus (Johnst.) 
Aeolidia papillosa (L.) 

Eolis angulata 

Pleurophyllidia loveiii Bergh. 
Elysia viridis Mont. 

Limopontia capitata Mull. 
Tectibranchs 

Accra bullata Midi. 

Aplysia punctata Cuv. 

Oscanius membranaceus (Mont.) 
Pleurobranclius plumula (Mont.) 
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Asterias mb&m L., the common cross-fisli, is by no means common, and rarely 
reaches 4 inches in diameter. This predominance of J.. glae/kdis and Paracen- 
trotus furnishes us with a very salutary warning against the far too prevalent 
habit of referring to a species as “the common, or the usual so-and-so/' for on 
most parts of the coasts of the British area A. ruhens and EcJdmis esctdeMus are 
the common or usual species. 

Ophiuroids (brittle stars) are represented chiefly by OjjIiiotJirk fragilis 
(O.F.M.) and OpMocoma nigra (O.B.M.), the common and black brittle stars, 
both of which show wide ranges of colour variation, though several other species 
occur. Echinus esculentus L. is usually plentiful along the part of the eastern 
shore which faces the Eapids, and on the steep rocks opposite to this on the 
western shore. Southern records it as being abimdant on the eastern shore of 
the Eapids, but we did not find it there at all until 1928, and then only in very 
small numbers. From the way in which it appears at, and disappears from, 
other places in the Lough this species appears to do a good deal of moving 
about. It occurs in large numbers on the steep rocks at the mouth of Barloge 
Creek, north of Carrigathorna. Echinus miliaris L. may be mentioned here, 
though it is anything but common, because it occurs in a few places where 
Pamcmtfotus is scarce, or from which it is absent. This species resembles 
E, esculentus in being abundant just outside the Lough, its favourite haunt 
being on the eastern side of the spit which separates Barloge Creek from 
Tranabo Cove at low water, and which is known as the Coosh. 

Of Crustacea the most abundant of the larger forms are the porcelain 
crabs, Porcellana platycheles (Penn.) and P. longicornis (L.), both of which, the 
former especially, are very numerous on the under-surfaces of stones and in 
crevices containing stones, with smaller numbers of Xantho incisus (Leach) and 
Pilumnus Mrtellus (L.). Yoimg specimens of Gcmcerfagums L, are common too, 
but Garcinas maenas (Penn.) is astonishingly uncommon, except in the Goleen, 
where a considerable proportion of their number is infested with the parasitic 
barnacle, Sacculina carcini (Thomp.). Yermca stroemii (O.F.M.) is by far the 
commonest barnacle, and occurs in large numbers on the under-surface of 
stones, especially those in crevices. The common acorn barnacle, Balmms 
balanoides (L.), is much less frequent, the largest specimens growing on the wall 
which forms the western boundary of the Rapids, a considerable percentage of 
them being parasitised by the Isopod, Gri/ptothir balani, Caprellids and other 
small Crustacea live in surprising numbers among the Hydi'oids of the mussel 
beds and of large stones in the Rapids. 

Polyzoa, Tiinicata, both simple and compound, and Porifera, are extremely 
abundant wherever there is a suitable substratum. The second of these are 
remarkable for their brilliancy of colour, especially in the Rapids and the 
regions most afiected by the incoming tide. So great are the difierences in both 
colour and conformation that it is difficult to subscribe to the view that there is 
but one species of Botryllus, 
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^ Burton, “Additions to the Sponge Fauna at Plymouth.’’ J. Mar. Biol. Ass. N.S. svi, 2. 

March, 1930. 

“ Probably other species are included here., too. 


. Tlie Porifera are ainoD.g tlie most interesting of the sessile inhabitants of 
both the 'Lough and Barloge Creek, being exceedingly numerous and" exhibiting 
tremendoiis variation of both form and colour, Hyrnsniacidon earuncula Bwk.., 
Suberites carnosa (Jolinst.) and Tetliya lyncurium (L.) affording three common 
examples. Brilliant blue patches ;of Terpios fugax Duch. and Mich., ' whose 
colour is due to a S3nnbiotic Beggiotacean alga, are frecpient, but' mor'e •re- 
markable than any of these i.s the abundance of Hymedeswda stevemsi Burton, , 
a species' but recently, described by Burton from scanty material found at 
Plyiiioutli^-. A second new species; Halickondrm howerhanJcia, described in the 
same paper, also occurs in the Lough. The influence of light as a factor in the 
production of colour is well shown by masses of PaGhymatismnr Bwk., 

which grow in a long narrow cave on the western side of Bullock Island. , Near 
the mouth of the cave the outer parts, which are subjected to bright light are so 
dark that an ordinary observer would call, them black. A little further in it 
becomes obvious that the black is really a very dark purple, and as we go 
farther and farther from the source of light the colour pales gradually until' the 
sponge is almost white. 

Abundant but “local” species of Coelenterata constitute' striking features 
of the regions which they inhabit. Chief among these are Cereiis pedunculatus 
(Pennant)^, which is so abundant right across the middle region of the (ioleen, 
along the northern shore of the island from the middle round to the rocks at the 
eastern end, and in Southern’s Bay, that it forms regular fields, in addition to 
filling crevices in the ridges just south of the quay in Barloge Creek; Anenioma 
sulcata (Penn.), found with Oereus in the second habitat mentioned above, and 
on Zostera in the Goleen, to the east of the Coosh, a,nd abundantly in Southern’s 
Bay; Corynactis viridis Allman, many varieties of which literally cover the 
undersurface of slabs, large and small in some regions, notably in and near to the 
Rapids : slabs which rest on one edge are often entirely covered except for the 
small area which touches their support; Obelia gemcidafa L. which clothes the 
fronds of Laminaria digitatii Edm. and L. saxcIiaHnn Lam. in most of the places 
where these occur; in man}-’' cases it is of quite a distinct red colour: Sertularia- 
O'percAilaia L. which occurs in large quantities o.n slabs in the Rapids, where, as 
already mentioned, it is tenanted by hordes of Caprellids (and other Synca- 
rida). The other common Coelenterate which is very abundant at times is 
Aurelia aAirita, Lam. the common jellyfish. Of this there appear to be two 
“broods”— one from April to June, the other from July or August to late 
autumn. There is some evidence that the former is the outcome of strobilisa- 
tion within the Lough, and that the latter is brought in on the flood tides, but' 
this needs further investigation. 

' ' Three other species of Coelenterata, all fairly abundant, are worthy of 
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special mention. These are' the so-called cup-coral, Ganjofhyllia smitUi 
Stokes, which careful searching has shown to be anything but scarce in places 
which afford a roof-like habitat just below the limit of low water at spring 
tides in the Creek and of neap tides in the Lough ; Safcoiictyon catemtu Forbes, 
which is less common but by no means rare; and a new species of Alcyonarian, 
closely related to but differing in several important features from Parery- 
thfopodium norvegicum Kor. and Dan., for which the name P. Idbemieum has 
been suggested. There is just the possibility that this may be the adult stage of 
Hartea elegam, described by Wright in 1864b from a single specimen found 
attached to a shell in deep water off the west coast of Ireland. Unfortunately 
Wright’s description and figure are not detailed enough to enable a proper 
comparison to be made between this form and the earliest single-polype stage 
of the new species. 

All the species to which reference has been made above are to be obtained 
by shore-collecting, the majority of them either exposed or in water of but a 
few inches in depth during the periods of low tide, and it is of especial interest 
that a number of them, such as Echinus escidentus, OpMof Jirixfragilis^ Opido- 
coma nigra^ Asterias glacialis, and CaryopliyUm smitJdi are usually obtainable 
only by means of a dredge. To this list must be added the Brachiopod Orania 
anomala Mull., the Crinoid Antedon bifida (Penn.), the Lamellibranch Lim>a 
Mans (Gm.), and the Polychaete Qhaetoptems imnepedafus Ren., while but one 
littoral form, other than Ahyonium, closely related to P. Mhernioum is known. 

To this general description may be added an account of a specific region, as 
an example of what the shore of the Lough is like. For this purpose the part 
of the southern shore, S. 12 to S. 17 on Map III is taken. 

S. 12 is a small ridge of rocks : S. 13, Scyllium Bay, has been formed through 
the breaking down of the rocks, and consists at low water of a horseshoe- 
shaped strand, backed by a flat sward, at the foot of which are large blocks of 
rock. The floor is of coarse muddy sand and stones, and at spring tides, a wide 
area of small boulders clothed with algae, conspicuous among which are 
Cystoseira ericoides Ag. and Lithophyllum lichenoides Ellis. S. 14 is another 
ridge, some 10 feet high and practically sheer along its eastern half. This wall of 
rock continues round to the Narrows, but is broken up into jutting ridges, 
which form little bays at S. 16 and S. 17. At S. 16 and S. 16 are zones of boulders 
and small slabs on a gently sloping bottom, separated from each other by a large 
rock. S. 16 bears a small field of Cystoseira, S. 17 is very rugged and slopes 
down from a narrow boulder zone into deep water very rapidly. It is subjected 
« to the full influence of tides flooding into and ebbing from the Lough. 

The narrow land region between S. 13 and S. 17 consists of a high ridge of 
rocks, marked by Gorse and Heather, The laboratories are situated on the 
sward above Scyllium Bay and behind the ridge near S. 17 (Plates XXIV, 
XXV, Phots. 8,11). . 

^ Wriglat, P., on a new gSins of Alcyorddm {Hartea elegam). Proc. Duh, Micro, Chib^ 1864 . 
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Phot. II. Lough Ine. The laboratories at Scyllium Bay 
and the Rapids. 


Phot. 12. Tralispean Marsh. The Bealariree Stream enters 
from the left. Tragemona Bay in the right distance. 


Phot. 13. Tragemona Strand at low water. ^The lake is 
just to the right of the sch#ol house. 
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The shore area from which the following species ' have been identified is 
approximately 235 yards in length and averages 4 yards in width. 

Lough Ine. S. 12— S. 17. 


PORIFERA 

Glatliriim eoriaeea (Mont.) 

G. coiitorta (Bwk.) 

Leiicosole-nia botryoides (Ellis and Sol.) 
Sycon eiliatiim (Pabr.) 

S. raplianus Schmidt 
Leucandra nivea (Grant) 

Halisarca dnjardini Johnston 
Pachymatisma johnstoni (Bwk.) 

Tethya lyncurium (L.) 

Cliona celata Grant 
Terpios fugax Ducli. and Mich. 

Reniera cinerea (Grant) 

Halichondria panicea (Pallas) 

H. Bowerbaiikia Burton 
Hymedesmia stevensi Burton 
Myxilla incriistans (Johnst.) 

M. contrarenii (Martens) 

Esperiopsis fucoram (Johnst.) 
Hyineniacidon sanguineum (Grant) 
Aplysilla rosea Sch'ultze 

Plakina monoiopha 

GOELENTERATA 
GYMNOBLASTEA 
Clava mutieornis Eorshal. 

C. squamata (Miiller) 

Tiibularia beiiis Allman 

GALYPTOBLASTEA 
Obelia geniculata (L.) 

Gampanularia flexuosa (Hincks) 

G. negiecta (Alder.) 

Sertularia pumila L. 

S. operculata L. 

Discomeditsae 
Aurelia aurita (L.) 

Antiiozoa 

ALGYONARIA 

Alcyoniiim digitatum L. 

Parerythropodiuin hibernicum sp. nov. 
Sareodictyoii eaten ata Forbes 

ZOANTHARIA 

Actinia equina Linn. var. fragacea 
Metridium senile (L.) 

Anemonia sulcata (Penn.) 

Bunodactis verrucosa (Penn.) 

Anthopleura ballii (Cocks) 

Oorynactis 'viridis Allman 

MABREPORARIA ' 

Caryophyllia smithii Stokes 
Ctexophoba 

PleurobracMa pileus Eabricius 

EOHIISrOBERMATA 

Holothitboidea 

^ Cucumaria saxicola Brady and Robertson 


Cbinoidea 

Antedon bifida (Penn.) 
Asteboidea 

Asterina gibbosa (Penn.) 
Asterias rubens L. 

A. glacialis L. 

Ophiuroidea 
Amphiiira elegans (Leach) 
Ophiocoma nigra (Abild.) 
Ophiotlirix fragilis (Abild.) 

Echinoidea 
Echinus miliaris Gmel. 

E. esculentus L. 

Paracentrotus lividus (Link.) 

Tttbbellabia 

Leptoplana tremellaris (Miiller) 
L. fallax (Quatrf.) 
Prostheceraeus vittatus (Mbnt.) 

Nemebtinea 

Lineus longissimus Gunn 
Cerebratulus marginatus Renier 


Archiannelida 

Dinophilus taeniatus Harmer 
POLYGHAETA 
Euphrosyne foliosa Aud. and Edw. 
Lepidonotus squamatus (L.) 

L. clava (Montagu) 

Lagisca floccosa (Sav.) 

Harmothoe imbricata (L.) 

Halosydna gelatinosa (M. Sars.) 
Sthlenelais boa (Johnst.) 

Eulalia viridis (Muller) 

Nereis pelagica L. 

Staurocephalus rubrovittatiis Gnibe 
Lysidice ninetta Aud. and Edw. 
Oirratulus cirratus (O.F.M.) 

Polymnia nebulosa (Mont.) 

Stylariodes plumosa (O.F.M.) 

Flabelligera afiinis Sars, 

Pomatoceros triqueter L. 

Spirorbis spirorbis (L.) 

GEPHYREA 

Phascolosoma johnstoni (Forbes) 
POLYZOA 

Pedicellma cernua Pallas 
Grisia eburnea L. 

C. cornuta L. 

Diastopora patina Lmk, 

Lichenopora hispida Fleming 
Eucratea chelata L. 

Bugula calathus Norman 
B. flabellata ^ 

Scrupocellaria reptans L. 
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Membranipora membranacea L. 

Electra pilosa L. 

Elecfcra pilosa var. dentata Ellis and Solander 
Smitbia Landsborovii Jolinsfcon 
Aleyonidiiuii my tili Daiyell 
Eliistrella Iiispida Fabricius 
Bowerbaiikia imbrieata Adams yar. densa 
Farre 

Beaohiopoda 
Crania anomola Muller 

ARTHROPODA 

CEtrSTACEA 

ENTOMOSTRAGA 
Aseidicola rosea Tlirell. 

Verruca stroemia Miilier 
Balaiiiis balanoides L. 

B. porcatiis da Costa 

ARTHROSTRAGA 
Tana, is cavolini M.Ed. 

Ligia ocean ica (L.) 

Naesa bidentata (Adams) 

Jaera marina (Pabr.) 

Jaiiira maicnlosa Leaeii 
Gammariis^mariniis Leacli 
Ampliitlioe nibricata (Mont.) 

Microdeutopiis anomaliis (Ratlike) 
dassa dcntex (Czeriiiavski) 

Parajassa pcla,!jjica (Leach) 

Caprella acanthifera Leach 

Decapoda 
Cancer pagunis L. 

Piliimnus liirtellus (L.) 

Xantlio incisus (Leach) 

Garcinns maenas (Pennant) 

Inaclms dorsettensis ( Pennant) 

Portxinus pnber (L.) 

P. arcuatus Leach 
Porcellana iongicornis (L.) 

P. platyclieles ( Pennant) 

Galatliea squamifera Leach 
Hippolyte varians Leach 
Spirontocaris cranchi (Leach) 

Leander serratus (Pennant) 

L. sqiiilla (L.) 

INSEOTA 

Annra maritiina Labonlb. 

Machilis maritima Leach 

MYRIAPOBA 

SeoMoplanes maritima (Leach) 

Pycnogonida 

Pycnogonnm littorale Stroem 
Nymphon riibrum Hodge 

MOLLUSCA 
Amphihettea 

Acanthochites fasciciilaris (L.) 

Graspedochilus cinerens (L.) 

Peleoypoda 
Anomia ephippinm L. 

Anomia ephippinm var. stfiatum 


Mytilns ediilis L. 

VoIseUa modiolus (L.) 

V. phaseolina (Phil.) 

Modioiaria marmorata (Forbes) 

M. discors (L.) 

Pecten varius (L.) 

Kellia suborbiciilaris (Mont.) 

Tapes deeussatiis (L.) 

Venus verrucosa L. 

Cardiuni exigiinm Gmel. 

C. edule (L.f 
Saxicava riigosa L. 

Ostraea ediilis (L.) 

Gasteopoda 
Patella viilgata (L.) 

Helcion pelhicidnm (L.) 

Acmaea virginea (Miill.) 

Emarginiila fissiira (L.) 

Fissnrella graeca (L.) 

Gibbula umbilicata (Mont.) 

Calliostoma zizypliiniis (L.) 

Phasianella piiUiis (L.) 

Littorina obtiisata (L.) 

L. rudis (Maton) 

L. littorea (L.) 

Rissoa parva (da Costa) 

Rissoa parva var. interrupta, 

R. proxiina, Alder 
R. violacea Desinaresf 
Cingula, semisi riata ('Mont.) 

Trivia em'0])nea, (Mont.) 

Bittium reiiculal iiuj (da Costa) 

Ocinebra ermaci^a (L.) 

Purpura lapilluh (L.) 

Xassa incrassata (Stroem) 
TEGTIBRANGHIATA 
Pleurobranchus pluniula ( Mont . ) 

Oscaniiis membranaceiis (Mont.) 
NUDIBRANGHIATA 
Archidoris tubercuiata (Cuv.) 

A. testiidinaria (Risso) 

Jorunna joimstoiii (A. and E.) 

Rostangia eoccinea (Forbes) 

Aegires pimctilucens (d’Orb) 

Triopa clavigera (O.F.M.) 

Lamellidoris bilamellata (L.) 

Goniodoris castanea (A. and H.) 

Ancuia cristata Alder 
Boto pinnatifida (Mont.) 

Gaivania farrani A. and H. ' 

G. picta (A. and H.) 

G. tricolor (Forbes) 

Facelina punctata A, and H. 

Cuthona peachi (A, and H.) 

Tergipes despectus (Jolinst.) 

Aeolidia papillosa (L.) 

Pieuropliyllidia loveni Bergli. 

Limopontia capitata Muller 
Elysia viridis Mont. 

TUOTCATA 

Phaliusia mentula (Mull.) = Ascidia riibt- 
cnnda Hane. 

P. vii'giuea (Mull.) 

Aseidiella aspersa (Miill) 

Giona sociabilis (Gunn) = C. intestinalis (L.) 
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Ascidia producta Naiic. 

Styela rustica L, 

Cyiitliia squamulosa A. and H. 

Clavelina lepadiformis (Miill.) 

Aplidium zostericola (Giard) 

Amonricium proliferum M.E. 

Dendrodoa grossularia (Bened.) 

Barascidia flemingii A. and H, 

Bidemnnm durum M.E. 

Leptoclinum gelatinosum (M.E.) 

L. fulgens (M.E.) 

L. griseum A. and H. 

L, maculosum A. and H, 

Botryllus scMosseri (Pallas) 

Botrylloides rubrum M.E. 

PISCES 

Scyllium canicula (L.) and “purses” 

Conger vulgaris Cuv. 

Anguilla vulgaris Turton 
Gobius ritliensparri Eupliras. 

G. minutus (L.) 

Cottus bubaiis Eupliras. 

Liparis montagui (Donovan) 

Lepadogaster gouani (Lacep.) 

Blennius piiolis (L.) 

PHANEROGAMIA 
Ranunculus ficaria L. 

R, repens L. 

Cocblearia danica L. 

O. officinalis L. 

Viola (eanina) 

Polygala vulgaris L. 

Cerastium viscosum L. 

Spergularia marina L. 

Ilex aqutfolium L. 

Uiex europaeus L. 

Antbyliis vulneraria L. 

Lotus corniculatus L. var. crassifolius Pers. 
Lathyrus pratensis L. 

Rubus fruticosus L. 

Prunus spinosa L. 

Sedum anglicum Huds. 

Hedera belix L. 

Lonicera periclymenum L. 

Scabiosa succisa L. 

Hieraciiim pilosella L. 

Beilis perennis L. 

Matricaria inodora L. var. maritima L. 
Hypocliaeris radicata L. 

Taraxacum officinale 
Acliillea millefolium L. 

■ Vaccinium myrtillus L. 

Erica cinerea L, 

Calluna vulgaris L. 

Statice maritima Mill. 

Primula vulgaris Huds. 

Glaux maritima L. 

Plantago lanceolata L. 

P. coroiiopus L. 

P. maritima L. 

Digitalis purpurea L. 

Eupffiasia officinalis L. 

Tliymus serpyllum L. 

Teucrium scorodonia L. 

Atriplex rosea L. 

^ Suaeda maritima Dum. procunibens Syme 


Euphorbia hiberna L. 

Juncus maritimus Lam. 

Luzula sylvatica Gaud. 

PTERIDOPHYTA 
Pteris aquilina L. 

BRYOPHYTA 

Musci 

Some 

Hispaticae 

FruUania germana Taylor 

THALLOPHYTA 

LIGHENES 

Licliina pygmaea Ag. 

Ramalina scopulorum Acb. 

(R. calicaris Hftm.) 

Usnea hii'ta Holfm. 

Parmelia perlata Acli. 

Xanthoria parietina Acb. 

Physcia aquilina Acli. 

P. stellaris Acb. 

Lecanora murorum Acb. 

L. atra Acb. 

L. tartarea Acb. 

Cladonia pyxidata Er. 

C. furcata Acb. 

(C. cervicornis) 

Lecidea contigua Er. 

L. elaeocbi'oma Acb . 

VeiTucaria maura Wablenb. 

V. mucosa Wablenb. 

Algae 

GYANOFHYGEAE 
Rivularia atra Rotb. 

Microcoleus anguiformis Harv. 

Calotbrix semiplena Ag. 
GHLOROPHYGEAE 
Ulva latissima L. 

Enteromorpba intestiiialis Link 

E. compressa Grev. 

Cladopbora riipestris Ivg. 

C. biitscbinsiae Harv. 

C. Ilexuosa Griff. 

PHAEOPHYGEAE 

Asperococcus bullosus Lamour. 

A. ecbinatus Grev. 

Ectocarpus granulosus 
;pylaiella litoralis KJeUm. 

Elacbista fucicola Fries 
Ralfsia sp. 

Mesogloia griffitbsiana Grev. 

M. vermicularis Ag. 

Leatbesia tuberiformis S.F.G. 

Chorda filiim Stackli. 

Lamuiaria saccbarina Lamour. 

Lambiaria saccbarina var. pbyilitis Le Job 
Fucus spiralis L. 

F. vesiculosus L. 

P. serratus L. 

Ascopbyllum nodosum Le Job 
Pelvetia canaliculata Decne. et Tbur. 
HimantbaHa l#rea Lyngb. 

Cystoseka ericoides Ag. 
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RHODOPHYGEAE ■ Callitliainnioii roseiim Lyiigb, 

Gelicliuni comeuni Lamour. vai% K. abiKjrme jrgulatuia Harv. 

C. aliiiie Harv. 

Clioiidrus crispus Lyngb. pt‘<bt'eliat-um Ag. 

Gigartioa mamillosa Ag. <<• braciiiaLum Eonneiii 

Rliodymenia bifida Grev. Cemmram cbapJiariiim Kofeli. 

R. laciiiiata Grev. rubfimi Ag. 

R. laciiiiata verv narrow 2* ecmoiptiim Ag. 

CUyloeiadia kaliformis Hook. Huinontia flliformis Grev. 

Gelcssaria liypoglossum Ag. ediilis fet^kli. 

Laurencia piniiatifida Lamoiir. Hiidenbrandtia Sp. 

Laurencia pinnatifida. var. iittoralis MelobcfSia pustiilata Lamoiir. 

Laui'encia piiinatiiida var. angusta Litliopliyllmii lichemiides Ellis 

Poiysipiionia elongata Grev, . Coralliiia onicmalis L. 

P. fastigiata Grev. 

Dredging, etc. Dredging in the Lough itself is rather disappointing, mainly 
because the amount of hard ground is so small and the area of mud so large. 
The most abundant forms dredged are ‘‘worms,” including Polychaetes, 
N'emertineans and Nematodes; Molluscs, the chief of which are Acera bidlata 
Miill. and P'hiliue aperla (L.), the former with spawn, and Turritella communis 
Lmk.; Crustacea, chiefly the swimming crabs, Portun.us arcuatus Leach, and 
P. corrugatus (Penn.), rarely hermit crabs, the largest Eupagunis bernJmfdus 
(Lin.) occurring in shells of Gihbula magus (L.), a few E, prideaxU (Leach) with 
poor specimens oi Adamsia palliata (Bod.), the cloaklet anemone, and E. cucMiem 
sis (Thomp.), on one of which was the parasitic Isopod Athelges sp. Cahearis 
macandreae Bell, a single specimen, and numerous AmpMpods ; and the Echino- 
derms AmpMura cMajii Forbes, and Asterias glacialis L. large specimens. 

In the southern half of Barloge Creek a greater variety of the larger forms 
are taken by the dredge, including large numbers of spider crabs of different 
kinds, an occasional Eledone cirrhosa Lmk. and various fish (see list later). 

Experiments have proved that a good deal of the bottom is suitable 
ground on which to use Mortenseii’s method of bottom tow-netting, and sur- 
face tow-netting is carried on as regularly as possible from a boom which is 
slung out over the Rapids at half-flood and half-ebb tides. None of the samples 
taken have yet been properly examined. 

At times currents from the Atlantic result in additions to the more normal 
inhabitants of the Creek and the Lough. In this way Velella spirans Lam., 
Pelagia perla (Slabber) and Aequorea forskalea Keron and Les., have been 
brought in in small shoals, as also small numbers of Lepas pedinata Speiigler, 
one specimen (dead) of Clielone imbricata and a cocoa-nut both with colonies of 
Lepas anatifera L. of the same size growing on them; and a packet of love 
letters, which appears to have been cast overboard from an American vessel. 

Barloge, The small peninsula which constitutes the holding of Barloge, 
consists of rocky heather-gorse moorland, rising to over a 100 feet on the east, 
but with some good fields on the west and north. The largest fertile area slopes 
down towards the Goleen, from which its norther n most portion is flooded at 
high spring tides. As a result of this it bears a characteristic flora of Sper- 
gularia, Cochlearia (which bears a few mauve flowers), Triglochm^ Plantago^ 






Louis Renouf 


431 


Salieornia, and Atriplex. At the end of September, 1930, a large part of this 
region had the appearance of having been sprinkled with coarse salt. Examina- 
tion determined this to be due to countless larvae of a Coccid, belonging to the 
gemis Ofthezia. These were still abundant in December, and some of them kept 
in the laboratory at University College, Cork, are still alive, so it is hoped that 
they will complete their development^. 

The little islets in the G-oleeii are all submerged during high spring tides, 
and are being gradually washed away. Their flora is composed chiefly of grasses 
and rushes, among which the species mentioned just above are scattered. Small 
puddles left by the tide bear the miniature varieties of Fiici on their edges. In 
these puddles and on the flood land with the Orthezia Saida pallipes F. abounds. 

The uncultivated land includes two small areas of marsh, one of which is 
permanently under water. 

Beilis perennis L. with variegated leaves occurs in places. In the experience 
of the author such variegated plants do not bear flowers. (They occur also in 
part of the grounds of University College, Cork. Out of Ireland they have been 
met with in the island of Cumbrae, in the Firth of Clyde.) Many parts of the 
peninsula provide ideal conditions for the very beautiful Irish spurge, Euphorbia 
hiberna L., which takes full advantage of them. This plant occurs all through 
the district under consideration, but is seen at its best in this particular 
locality. The general flora is very varied, partly on account of the physical 
differences between parts of the holding, partly because it has been inhabited 
for many centuries, as is testified by the presence of ancient erections, Druidical, 
early Irish, and early Christian, and some possibly from even earlier times. 
These relics of the past include alignments, standing stones, a liss or ancient 
fort, a church, and incised grave stones. Anthoceros sp. occurs in quantity a 
short distance away from the homestead of Barloge. 

Castle Island (Plate XXVI, Phot. 14). At high water of spring tides 
this is divided into two, through the flooding of the low strand of gravel and 
small rocks which separates the loftier eastern from the lower western half. The 
physical features of the two halves are so different that there is very little in 
common between the biological associations which characterise them. These 
last are being worked out in full. The Coralline region off the north shore has 
been mentioned in the general part. 

Barloge CreeL Including the Narrows the Creek is about two-thirds of a 
mile long. The Narrows are a little over 100 yards in length, but are only 30 
feet wide at low water; small though they are their importance from the 
biological aspect cannot be exaggerated, on accoimt of the effects they produce 
in both the Lough and the Creek. The channels in the Creek are very narrow 
owing to the presence of banks of Zostera^ whilst forests of Chorda filum Stackh. 
make navigation even more difficult during the summer. Southern’s Bay, 
which constitutes the widest part of the Creek, is a favourite collecting ground 
^ Since this was written adults, abundant during June, show "fliis to be Orthezia urticm (Lin.). 

t ' S'*. : , . ® . 
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with visiting classes. The narrow southern end supports great quantities of 
Algae, which show zoning very distinctly, and large numbers of Eeliinus 
escuhntus L. Two . of the most interesting records from this region are of 
Holotimria forsJcali Delle Ohiaje, an Echinoderm usually obtained by dredging, 
and the Chelifer Ohisium mmilimum Leach, whose habits are comparable with 
those of Aepus. 

At high water, when Bullock Island is separated from the maiiilaiid, Barloge 
Creek communicates with Tranabo Cove, but at low" water Bullock is reached 
from the mainland across a strand, the Coosh, a short account of which follow^s 
later. The cave, in which the efEects of light on Paehymalisma are so clearly 
demonstrated, penetrates the western side of Bullock Island, a few yards north 
of the open sea. 

Short hauls with the dredge have been made as opportunity aHowmd, and 
the animals taken, in addition to Zostera and Algae, are siiininarised in the 
following list, w4ich bears a striking contrast with that for Tragemona, which 
follows later. 


Dredoing Barloge Creek. 


porieera’ ■ 

Hymemaeidoii sanguiiieum (Grant) 
GOELENTERATA 
Antliopleura baliii (Cocks) 
ECHINODERMATA 
Asteroidea 
Asterias rubeiis L. 

Ophiueoidea 
Opiiiura albida Forbes 
' OpMotbrix fragilis (Abild.) 

Eohinoidea 
Echimis eseulentus L. 

Nemeethstea 

Linens longissimiis (Gnnn) 
ANNELIDA 

Harniotboe imbricata (L.) 

Nereis pelagica L. 

N. diversieolor O.F.M. 

Pomatoeeros triqueter (L.) 

Filigrana mplexa Berkeley 
etc. and others not identified 

Cetjstacea 

ENTOMOSTRACA 
Peltogaster sp. 
ARTHROSTRAGA 
Idotea baltica (Pallas) 

L linearis (Penn.) 

DECAPODA 
Oaremns maenas (Penn.) 

' Pilnmmis Mrtellns (L.) 

Mala squinado (Herbst.) 

. Acbaeus cranchii Leach ' ' ^ 


Inacbus doryiiciiiis Leaeii 
Stenorbyiicbiis rostratus L. 

Ebalia sp. carapace 
Portunus piiber (L.) 

P. depiirator (L.) 

P. arcuatus Leiicli 
PorceUana longicornis (L. 

P. platycbeles (Penn.) 

Eupagiirus bernbardiis (L.) 

E. prideauxii (Leach) 

E. euanensis (W. Thompson) 
Anapagmns laevis (W. Thompson) 
Hippolyte varians Leach 
Crangon vulgaris L. 

Pycnogoeiba 
Nymphon rubruni Hodge 
M0LLU80A 
Peleoypoda 
Pecten maximiis L. 

Dosmia Iiipulma valves 
Cardium nodosum Turtoii 
Gari ferroeiisis (Ciiemnitz) fresh shell 
Gastuofoba 

Gibbula cineraria (L.) 

G. miliare (Brocchi) 

Phaslanella pulliis (L.) 

Bittiiim reticulatum (da Costa) 

Trivia eiiropaea (Mont.) 

Natica alderi Forbes 
Nassa incrassata (Stroeni) 

TECTIBRANCHIATA 
Aplysia punctata Cuv, 

Philine aperta (L.) 

Cephalopoda 
Eledone cirrhosa (Lmk.) 

Sepia officinalis L. spawn 
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PISCES 
Paia batis L. 

Neropliis lumbriciformis (Yarrell) 
Syiignatlius acus L. 

Zeugoptenis punctatus (Biocb) 


Oobius rutbensparri Eupbras. 
Cottus scoi’pio (L.) 
Callionymus lyra L. 
Centronotus guiinellus L. 


The Coosh. This consists of a bank of gravel and large stones fringed with 
boulders (Plate XXIV^ Phot. 10), and built between crests of rock from 
the mainland and from Bullock. It is exposed only at low water. Its name and 
the rocky crests together point to its origin, the probable derivation of Coosh 
being from cuavas (pronounced cuash), which means stepping stones, all of 
which, except the crests, have become buried under the cargo of stones dropped 
by the waves, when they come roimd from each side of Bullock and meet. 

At low water of spring tides an expanse of sand with small meadows of 
Zostem is exposed below the boulder zone along the eastern side of the Coosh, 
together with small areas of weed-covered boulders at the foot of the ridges of 
rock, which form the northern and southern boundaries. Examination of this 
region is not yet complete, but the fauna and flora are in such striking contrast 
to those of any region of Lough Ine itself that lists are appended for comparison 
with those given from the southern shore of the latter. 


The Coosh, Eastern Side. 


PORIPERA 

Olatbrina coriacea (Mont.) 
Leiicosolenia botryoicles (E. and S 
Leucandi-a nivea (Grant) 

Sycon ciliatum (Eabr.) 

S. rapbanus Scbmidt 
Terpios fugax Ducb, and Micb. 
Halicbondria panicea (Pallas) 

COELENTERATA 
Hydeomedtusae 
GYMNOBLASTEA 
Coryne pnsilla Gaertner 
GALYPTOBLASTEA 

Campaiiularia iieglecta (Alder.) 
Sertula-ria pnmiia L. 

SIPHONOPHORA 
Velella spiraiis (Edrskai) 
Disoombdusae 
Aurelia aiirita (L.) 

Pelagia peiia (Slabber) 

Cyanea eapillata Perori. 

Aequorea forskalea Per on. et Lea 
Haiiclystiis auricula (Fabr.) 
Lucernaria campaiiulata, Lamour. 

Anthozoa ■ 

ZOANTHARIA 

Actinia equina L. and var. Fragacea 
Aiieinoma sulcata (Pennant) 
Sagartia troglodytes Jolinst. 


ECHINODERMATA 
Asteroidea 
Asterias riibens L. 

Asterina gibbosa (Pennant) 

OPHIUROmEA 
Ampbiura elegans (Leach) 
Opbiotbiix fragibs (Abild.) 

Nemeetinea 

Linens longissimus (Gunn) 

ANNELIDA 
POLYGHAETA 
Eupbrosyne foliosa Aud. and Edw. 
Lepidonotus squaniatus (L.) 

L. clava (Montagu) 

Lagisca floccosa (Savigny) 
Harmotboe imbrieata (L.) 
Stblenelais boa ( Johns t.) 

Nereis pelagica L. 

N. diversicolor O.F.M. 

Glycera alba Ratbk. 

Eulalia viridis (Muller) 

Eulalia viridis var. aiirea (Miiller) 
Cirratulus cirratus (O.F.M.) 
Dodecaceria concharum Oersted 
Ampbitrite gracilis (Grube) 
Pomatoceros triqueter (L.) 

Spirorbis borealis L. 

GEPHYREA 

Pbyscosoina gr|inulatiim (Leuckart) 
Thalassema neptuni Gaertner 
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POLYZOA 

Liclieiiopora iiispida Fleming 
Scrupoeellaria reptans L, 
Membranipora pilosa L. 
Lepralia pallasiana Moll, 
etc. 


liissoa proxima Alder, 
Trivia europaea (Mont,) 
Purpura lapilliis (L.) 
Ocinebra erinacea. (L.) 
Nassa incrassata (Stroein) 
TEGTIBRANCHIATA 


ARTHROPODA 

Cbustacea 

ENTOMOSTRAGA 
Balaiius balanoides L. 

Verruca stroemi Midler 

ARTHROSTRAGA 
Ligia oeeaiiiea (L.) 

Idotea baltica ( Pallas) 

Gammarus marinus Leach 
Ampliitlioe rubricata (Mont.) 

Decapoba 
Cancer pagurus L, 

Pilumnus Mrtellus (L.) 

Xantho incisus (Leach) 

X. hydrophiius (Herbst.) 
Carcinus maenas (Pennant) 

Ilyas araneus (L.) 

Inachus dorynchua 
Portunus puber (L.) 

Rircellana longicornis (L.) 
Porcellana platycheles (Pennant) 
Galatliea squamifera Leach 
Eupagurus bernhardus (L.) 
Leander serratus (Pennant) 

INSEOTA 

Anura niaritima Laboulb. 
Machilis maritima Leach 
Aepus robinii Laboulb. 
Aepophilus bonnahei Sig. 
Pycnogoniba 

Pycnogoniim littorale Stroem 
Nymphon rubrum Hodge 

MOLLUSOA 

Amx^hineuka 

Acanthochites fascieularis L. 
Pelecypoba 
Anomia ephippiuin L. 

M odiolaria discors (L.) 

Pecten varius L. 

Saxicava rugosa L. 

Kellia suborbicularis (Merit.) 

K. minuta « 

Gastbopoba 
Patella vulgata (L.) 

Helcion pellucidum (L.) 

Aemaea virginea (Muller) 
Emarginula fissura (L.) 

Gibbuia umbilicata (Mont.) 

G. cineraria (L.) 

Calliostoma zizyphinus (L.) 
Phasianella pullus (L.) 

Littorina obtusata (L.) 

L. rudis (Matori) r 

L. iittorea (L.) 


Aplysia punctata Ciiv. 

Pleurobranchus pluiniila (Mont.) 

NUDIBRANGHIATA 
Joruiina johnstoni (A. and H.) 
etc. 

TUNICATA 
Ascidia producta Hanc. 

Clavellina lepadiformis (Muller) 

Botrylhis schlosseri (Pallas) 

PISCES 

MoteUa tricirrata Bloch. 

Centroiiotus gunneilus (L.) 

Algae 

GYANOPHYGEAE 
Lyngbya? llacca Harv. on Gelidium 
GHLOROPHYCEAE 
Conferva sp. 

Ulva iatissima L. 

IT. lactiica L. 

Enteromorpha intestinalis Link 

E. linkiana Grev. 

Cladophora rupestris Kg, 

C. hexiiosa Grill. 

C. albida Kiitz 
C. lan€)sa Kiitz 
Codium tomentosum Staekh. 
PHAEOPHYGEAE 
Punctaris latifolia Grev. 

Asperococcus echinatus Grev. 

Ectocarpus siliculosiis Lyngb. 

Pylaiela litoralis Kjellni. 

Cladostephus spongiosus Ag. 

Rytiphlaea fruticulosa Harv. 

Leathesia tuberiformis S.F.G. 

Laminaria saccharina Lamour. 

Fuciis spiralis L. 

F. vesiculosiis L. 

F. serratus L. 

Ascophyllum nodosum Lev JoL 
Pelvetia canaliculata Decne. et Thur. 
Himanthalia lorea Lyngb. 

Cystoseira ericoides Ag, 
RHODOPHYGEAE 

Gelidium corneuin Lamour. 

Gelidium corneum var. Ilexuosum 
Ghondi*iis crispus Lyngb. normal 
Chondi'us crispus Lyngb. very broad 
Chondriis crispus Lyngb. narrow 
C. norvegicus Lamour. 

Rhodymenia palmata Grev. var. soboliferus 
R. jubata Grev. 

R. laciniata Grev. 

Chylocladia kaliformis Hook. 

C. articulata Grev. 

C, ovalis Hook. 
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Hocamiiim cocciiieiim Lyngb. 
Nitopbylliim punctatu-m Grev. 

N. liilliae Grev. 

Delessaria alata Lamour. 

Delessaria alata var. angustissima 
Laurencia pinnatifida Lamour. 
Laureiicia pinnatifida var. osmunda 
L. dasypliylla Grev. 

L. tenuissima Grev. 

L. caespitosa Lamour. 


Polysiphonia elongata Grev. 

P. fastigiata Grev. 

Dasya coccinea Ag. 
Callithamnion virgulatiim Harv. 
Ptilota sericea Gmel. (sp.) 
Purcellaria fastigiata Lamour. 
Polyides rotundus Grev. 
Melobesia pustulata Lamour, 
Corallina officinalis Lamour. 
Janira rubens Lamour. 


Tmnaho Gove and Tmgemona. Both of these bays provide excellent dredg- 
ing grounds, which are composed of firm sand or fine gravel. On account of its 
larger size and the sandier nature of the main area of its bottom Tragemona 
yields a larger number of both species and individuals. With the exception of 
the strands the boundaries of both consists of much indented rock. 

Through the strand of Tragemona (Plate XXV, Phot. 13) runs the 
effluent from the fresh- water Lough alluded to in an earlier part of this paper, 
and fringed by a marsh, which widens out to the north, and from which the 
area probably derives its name — Traigh na Mona, the Strand of the Marsh or 
Bog. 

On the west Tragemona leads into a smaller cove, Tralispean (Plate XXV, 
Phot. 12), whose strand is now slaty gravel, but which was once probably 
of sand, for the name means ''the Smooth Strand,” and above high water mark 
there is a small sandbank, held together by grasses, Lotus corniculatus var. 
crassifoUus Pers. and small plants of Antliyllis vulnemria among which are 
scattered plants of Eryngium ^naritimum L. Into the strand flows a small 
stream, the Bealariree, whose upper region often floods the narrow flat valley 
through which it flows, and from this a large area westwards and northwards 
of the strand, while to the north-west it connects with a large expanse covered 
with common reed, Pliragmites vulgaris Druce, which used to be cultivated for 
thatching and other purposes. Eastwards this joins a marshy area, on part of 
which a fen carr, with Myrica gale L. sweet gale, Salix repens L. dwarf willow, 
Alnus rotundifoUa Mill, etc. is developmg. The whole of this region is extremely 
interesting on account of the transitions it shows from coarse heather-gorse 
moor, and maritime associations, to moor water, reed marsh, bog, fen, and fen 
carr, back to moorland. 

The following list of animals obtained by dredging in Tragemona includes 
many characteristic arenicoloiis species (marked " a ”), in addition to numerous 
offshore forms, and provides an interesting contrast with the main fauna of 
Barloge Charmel. Many species of algae, especially of small Florideae, which 
have been torn from their substratum by the waves, are taken in the dredge, 
but have not been identified. 
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Dredging Tragemona Bay, 


OOELENTBRATA 
Hydeomedusae 
GYMNOBLASTEA 
Hydractiiiia echiuata Fleming 
GALYPTOBLASTEA 
Obelia geuiciilata (L.) 

Antenniiiaria antemiina (L.) 

Pliimiilaria setacea (Ellis) 

Sertularia polyzonias (L.) 

x^NTHOZOA 

ZOANTHARIA 
Metriclium senile (Lmri.) 

ECHINODEEMxATA 

Asteroidea 

Lnidia saivsi (D. and K.) a 
Ast-ropecten irregularis (Penn.) a 
x-isterias glacialis L. 
xA, rubens L. 

OimiirEoiDEA 
Amphiura elegans (Leaeli) 

Opiiiura ciliaris (L.) a 

0. albida Forbes 
Opliiotbrix fragilis (Abild.) 

Echinoidea 
EcMnus esciilentus L. 

Ecliiniis luiliaris Gmel. 

EcMnocardiiim cordatum (Penn.) a 
HoLOTHUEOIDExI 

Cuciimaria saxicola Brady and Robertson* 
Nemertinea 

Linens longissimus (Gunn) 

ANNELIDA 

Nephthys caeca (Miiller) a 
Pomatoceros triqueter (L.) 
ete. 

POLYZOA 

Scrupocellaria reptans L. 

Membranipoi'a membranacea L. 
etc. 

Crustacea 

ENTOMOSTRAGA 
Cliondraeanthus lophii Jolmst. 

Balanus porcatus da Costa 
ARTHROSTRAGA 
Ido tea baltica (Pallas) 

1. linearis (Penn.) 

I. einarginata (Fabricius) 

Amphipoda numerous 
Deoapoda 
Cancer pagurus L. 

Piiumnus hirtellus (L.) 

Carcinus maenas (Penn.) 

Maia squinado (Herbst.) 

Hyas ai-aneus (L.) a 
Pisa tetraodon (Penn.) 

Inaobus dorsettensis (Penn.) 

^enoilLynclius rostratns L. 


Portunus puber (L,) 

P. depiirator (L.) 

P. marmoreiis Leach 
P. eornigatus (Penn.) 

P. arcuatus Leach 
Corystes eassivelaimus Penn, a 
PorceUana iongicornis (L.) 
Galathea squamifera Leach 
Eupagurus bernhardus L. 

E. prideauxii (Leach) 

Hippolyte varians Leach 
Leander serratus (Penn.) 

Orangon vulgaris L. a 
Pycnogonida 
Nymphon rubrum Hodge 

MOLLUSCA 
Pelecypoda 
Nuciila nitida G B.S. 

Liicinopsi.s uiidat<i (Penn.) 
Dosinia lupuiin.i 
Venus veiJiuosa L. 

Cardi uii) t -u })ei eiil. it loii 
Liitraria elliptuM. Link, a 
Ensis ensis (L.) a 
Keliia niinuta 
K. suborbicularis (Mont.) 
Gastropoba 
Helcion peiliicidinii (L.) 

Gibbiila iimbilicata (Mont. ) 

G. cineraria (L.) 

Calliostonia zizyphinus (L.) 
Phasianeila pulliis L. 

Rissoa spp. 

Trivia europaea (Mont.) 
Buecinum undatum (L.) shell 
TEGTIBRANGHIATA 
Aplysia punctata Ciiv. 

PhiMne aperta (L.) 

Acera buliata Miiller 
NUDIBRANGHIATA 
Doris llammea k, and H. 
Cephalopoda 
Sepia officinalis L. spawn 

PISCES 

Scylliiim caiiicula (L.) 

Raia batis L. a 
R. clavata (L.) a 

R. maculata Mont, a 
Nerophis Itimbricif orniis ( Yarrell) 
Pleuroiiectes platessa (L.) a 

P. iimanda (L.) a 
P. microcephalus Donov. a 
Rhombus laevis Rondel, a 
Arnoglossus megastoma Day a 
Solea vulgaris Quesn. a 

S. lutea (Risso.) a 

Gobius ruthensparri Euphras. 
Gottns scorpius (L.) 

Callionymus lyra L. 

Zeus faber L. 

Gentroxiotus gunnell'iis (L.) 
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Fauna, General. 

No really systematic collecting of the general terrestrial fauna has been 
attempted yet, but a good many data have been accumulated. These show that 
the mammals of the district include Erinaceus europaeus L. ' the common 
hedgehog (usually called porcupine locally), Sorex minutus Lin. the lesser or 
pigmy shrew, Canis wipes L. the fox, Mustela vulgaris Erxl. the weasel, 
Meles taxus L. the badger, Lutra vulgaris Erxl. the otter, Oryctolagus cuniculus 
(L.) the rabbit, and of course, 3Ius mmculus L. and M. decumanus Pall, the 
house mouse and brown rat. Probably the pine marten 3iustela mmtes L. 
occurs too, but we have met with only verbal evidence that such is the case. 
{Phoca vitulina L. the common seal, is abundant throughout the year, and small 
shoals of porpoise, Phocaena communis Lesson, appear at times. ) Of the seventy 
species of birds noticed the most prominent on account of their numbers, are 
the common curlew {Numenius arquata (L.)), the wren {Troglodytes pa/rvulus 

K. L. Koch) and the stonechat {Pratincola fubicola (L.)); while the scarcest 
include the hoopoe [IJjiopa epops L.), the kingfisher {Alcedo ispida L.) and the 
chough {Pyrrhocorax graculus (L.)). 

Lacerta vivipara J acquin, the common lizard, which is abundant, especially 
around Lough Ine, is the only reptile found (with the exception of the turtle 
previously mentioned, as having been washed ashore). 3Iolge vulgaris L. the 
common newt, locally believed to be a lizard, is very abundant, more particu- 
larly about Baltimore, and often hibernates beneath large stones on the shore 
of the estuary of the Hen and sometimes even on the seashore, which must be 
washed by spring tides. Rama temporaria L. is met with only occasionally, 
though its spawn is sometimes abundant. 

Insecta and Arachnida are plentiful, some of them unpleasantly so, in 
particular Haematopota pluvialis L. the clegg, known in many parts as the 
^hhorse doctor,” and Ixodes ricinus L. the sheep and cattle tick. Argyroneta 
aqmitica Latr. the water spider and Epeira diademata (Clk.) the large cross- 
spider are the most noticeable of the Araneida, on account of the numbers in 
which they occur. On account of their brilliant coloration Cicindela campestris 

L. the tiger beetle and Cetonia aurata L. the rose chafer are two of the most 
obvious members of the Coleoptera. Of the Lepidoptera, the Rhopalocera 
are well represented, five species of Vanessa, including F. polychhros L. the 
large tortoiseshell, F. caxdui L. the painted lady, Euchloe cardamines L. the 
orange tip, and Argynnis aglaia L. the dark green fritillary, being especially 
prominent. Smerintlius ocellatus the eyed hawk-moth, Lasiocampa quercus L. 
the oak eggar, and Satnrnia pavonina L. the emperor, are some of the out- 
standing Heterocera. Though members of the Odonata, Hymenoptera, and 
other orders abound but few of them have been identified yet, and the same is 
true of the Myriapoda, Isopoda, Crustacea and Mollusca. 

Reference has been made already to the occurreirce of Orthezia sp. and 
Saida pallipes F. in the Goleen. 
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Prelmiinary Woric of a Wew Biologiml Station 

Species identified to date number 680 plants and 820 animals. These numbers 
will probably be at least trebled if the work continues as it has started, for, as 
pointed out at the beginning of this report, our results are incomplete in every 
direction, while some groups have not been dealt with at all. It is hoped, 
however, that sufficient has been said to attract serious workers to the area 
under consideration. 

One other inducement may be profiered. This is the accessibility of the 
famous regions of south-west Ireland, well known for the interest of their 
natural history and for their beauty, such as Killarney and the Macgilliciiddy 
Reeks. 

Acknowledgments are due to those who have made the work possible, and 
to others who have helped with identifications, and in many other ways. The 
main debt is due to Dr Lloyd Praeger and to Mr Richard Southern, as is shown 
in the introduction, and to the late Miss Elizabeth Crawford Hayes, whose 
generosity is doing so much for biology in the National University of Ireland. 
Grants for apparatus from the Royal Dublin Society and the Government 
Grants Committee of the Royal Society have made the hydrographical work, 
dredging and tow-netting possible. Considerable help has been given by Mr 
A. W. Stelfox of the National Museum, Dublin, and by many members of the 
staff of the British Museum, Natural History, in partictilar by Capt. A. K. 
Totton and Mr M. Burton. Finally, Mr Southern’s MSS. list of species, a copy of 
which he most kindly let me have, has been of the greatest assistance. 

To all these, and to the authorities of University College, Cork, for allowing 
part of the Crawford Bequest to be used on this work, deepest thanks are 
tendered, and especially to Mr Michael Donovan, the farmer at Barloge, 
without whose interest the chief work could not have been undertaken. 


PRELIMINARY OBSERVATIONS ON THE, PHAEO- 

PHYCEAE OF LOUGH HYNE (INE) 

By T. KENNETH REES. 

{University College of Swansea.) 

Through the kindness and hospitality of Prof. Renouf^, I was able to visit the 
Lough Hyne district during July, 1930, and to carry out a number of obser- 
vations relating both to the epiphytism and to the method of over- wintering 
of certain species of the Phaeophyceae. Favoured with a continued period of 
fine weather, it was possible to carry out preliminary work on the general 
ecology of marine algae in the area. The present preliminary paper is presented 
in the hope that other algologists will visit the district, which is exceptionally 
rich not only in the number of species, societies and associations of marine 
algae, but also in ecological problems which arise because of the peculiar 
situation of the lough at the top of Barloge Creek (affecting the length of 
exposure of its littoral species) and because of the almost sudden transition 
from exposed to sheltered conditions. A series of future visits have been 
planned and it is hoped to deal fully in a later paper with the algal com- 
munities which, though following in the main the characteristics enumerated 
by Cotton {Glare Island Survey, YosTt 15, 1912), present variations and 
exceptions, instances of which will be given in the second part of this pax3er 
dealing with the distribution of the Fucaceae in the lough. 

Part I. Systematic list with ecological notes. 

This list, which follows the classifica.tion adopted by Batters {Journ. Bot. 
1902), is of course not exhaustive, including only those species found during 
early July, but it will indicate very clearly the wealth of species to be found 
in so restricted an area. The following abbreviations are used : BC = Barloge 
Creek; SB = Southern’s Bay; R= Rapids; LH = Lough Hyne; Cl = Castle 
Islands; N., S., E., W., for North, South, East, West. 

DesmaresHa viridis Lamoiir. BC, rather rare, in quiet water associated with Zostera, Dictyosi- 
phon foeiiictdacem, Asperococcus fisPulosus and A. huUosus. 

D. aculeata Lamoxir. BC, more frequent on western than eastern side. Bullock Island. 

Summer condition beginning July 1st, some hairs bearing epiphytic Diatoms. 

D. ligulata Lamoiir. Occasional on W. mainland of BC, especially opposite Bullock Island. 
Fruiting and bearing several epiphjdic Ectomrpus spp. The relative vertical distribution 
of D. aculeata and D. ligulata, in the Laminaria association, of moderately sheltered 
coasts would repay attention as the former is subarctic and the latter warm-boreal. 
In BC, D, ligulata would appear to be confined to the Ala.ria sub-association of the 
Laminarietum. 

Dictyosiphon foeniculaceus Orev. Frequent but local in LH. Especially noticeable on the 
N, side of Cl. Also epiphytic on Cystoseira ericoid.es along south shore of LH. 

^ See the paper by Prof. Renouf on p. 410 which includes maps of the area. 
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D. Ihippuroides Kiitz. Quiet waters in BG, and LH(S.). 

Phaeostrorm pustulahtm Kck. On Laminaria saccluirma in SB, and on L, saLcluifimi f. 
Phyllitis in LH(B.). 

Litosiphon pitsilhis Harv. A frequent epiph;y’te on Clmrda fikinii Lawdnaria saLcliarbui and 
occasionally on Baceorldza poIyscMdes, On Zostera nmrhni in li^C, but not on ZoMeni 
inLH. ‘ ' 

L. Laminariae Harv. Abundant on the stipe and upper part of lamina of Satxoridza, poly- 
scliides in R., and frequent on Alaria escidmla at the mouth of BC. 

Stictyosiplmn suhastirndatus Hauck. A few plants were found near Cl, a,nd in BC at the edge 
of the Chorda beds. 

Pu/nctaria Grev. In SB, and rare plants in LH(S.). 

P. latifolia Grev. Not uncommon in quiet waters and sheltered situations as an epiplijde 
on xisperocAjccus fistidosi^^^^ Oysloseim ericoidesfC. grannlaftf IlimuritJmlia lorea. Scgio 
siphon lo7nenfarins and Saccm'hiza polysclddes. It bears in such sheltered luihitats a 
varied epiphytic flora of its own including LealJiesia dif/bm ?*-<?, Asperococcus JId aJosgs, 
Sphacelaria cirrhosa, Ceratrmim t'ubmni^ Gallithamnion sp. 

P. temdsshna Grev. On Zostera tnarma in Chorda beds, and on Gystoseira ericoides in BC, 

Desniotrichnmi undulatmn Rke. On Zostera marina. 

PhyUitis Fascia Kxitz. Infrequent and local along LH{S.), and SB. Epipli^rtic on Ftimis 
vesicidosus and tScyfosiphon lomentarms as well as free-growing. 

Scytosiplion lomeMtarms J. Ag. Distributed throughout the area, but not common. Good 
growths in Trenabo Bay and in rock pools on Bullock Island, and in SB. Especially 
prominent in some high tide pools associated with Enteromorpha inkstinalis. Epiplndie 
on Asperococms fistidosns in quiet bays, and on Zostera marina in BC. 

Asperococcnsfistulosus Hooker. A very common member of the vegetation of sbeltereil Ixavs,. 
growing freely on such algae as EiniamihaMa lorea, Fucus vesicul()si(^^ Gystoseua ettroides., 
G. gtanuJafa, Lamimria saccharina, Pimctaria latifolia and Giadojdnna sp <is well as 
on a rocky or sandy substratum. It is particularly abundant m SB and LH(S.), a,nd 
bears a rich epiphytic flora consisting of MyriMricJd'ajU^^^^ M Gaiaefoitnis, Sphace- 
laria cirrhosa, Geramkmi ndtrum, G. strictnm, Olamentous Diatoms a,ud Edocftrpa^ sp. 

A. fistulosns f. vermieularis Grifl’. Found as an epipli^de on Gystosemi erlcoide>-s in LH. 

A . bnllosus Lamour. Locally abundant in quiet waters especially SB, often reaching 2--3 feet 
in length and associated with A. flshdosus as an epiphyte on the larger Fuci. In LH, 
it is confined to the S. shore and to the C3^stoseira zone. ’ 

A. emtpressus Griff. Hitherto apparently unrecorded for Ireland, four specimens of this 
alga were found when sorting material collected for studies in epipliytism. Locality SB. 
The basal holdfast w^as associated with Urospora, Enifroyrmpha, Bangui and Ectocar- 
pus sp. and it would appear to have been growing in tlie Bangia-Urospora association, 
rather above the usual level for the Asperococci. 

Blreblonemaceae. No critical study of this family was made. 

Ectocarpus Lyngb. Owing to the difficulty of identifying many species under field conditions, 
and to the fact that attention was mainly directed to general ecological problems, no 
systematic study of this genus was made. The following w^ere found in the course of 
general observations: 

E. Stilophorae Cm. On Stilophora rhizoides LH(B.). 

E. tom.entosoides Farlow. On Hinianthalia lorea. 

E, vehdimis Kiitz. On Himanthalia lorea, fairly frequent. 

E. confervoides Le Jol. Abundant. 

E. silimlosus Kiitz. Frequent, often epiph;^iiic on Fiici n.nd HimmithaMa lorea. 

E. fasciculatus Harv. A very common epiphyte on BaccorMza polyschides. Laminaria 
digitata, Alaria esculenta and less common on Himanlkalia lorea. 

E. tomentosus Lyngb. Old plants were found occasionally attached to Fuci in LH, 

E. Hincksii Harv. Frequently encountered as an epiphyte on SaccorMza polyscJddes 
Laminmia Oloustoni, more rarely on L, digitata. " ^ 

E. granulosus Ag. In deep waters in both exposed and sheltered habitats, free-growiii« or 
epiphytic on Bhodymenm palmata and Laminarias. Not uncommon in R. " 
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Pylaiella Kjeliin. Abundant everywhere, even where fresh water enters the Lough. 

Coiiiinon in BC as an epiphyte on GJmrda, Zostera, Ascophyllum nodosum. 

MyriotficJiia clavaeformis Harv. A common epiphyte on Aspe/rococci, Zoster a marina^ 
Gliorda filwm and Bcytosiplion lomentarius. 

M. filijorniis Harv. More abundant than the previous sp. and found in addition on Meso- 
gloia vermiculata and Gorallina officinalis. 

Myriactis pulvinata Hiltz. On tips of bi‘anches and receptacles of Gystoseira ericoides and 
G. granulaia in BG, especially when growing in pools near h.w.m. 

i¥. Hay deni Batt. Occasionally found on Bcytosiphon lamentarius. 

M. stellulata Batt. Hare on Dictyota dichotoma. 

Elachistea fucicola Fries. On decajdng receptacles of Fuci, in It, BC, and LH(S.). 

E. flaccida Aresch. Common as an epiphyte on Gystoseira cricoid, es and G. gramdata in 
BC. On G. granulaia, in LH(S.). On Himanthaiia lorea in SB. Particularly in deep 
high-tide pools where there is little renewal of sea water, except at spring tides. 

E. scutulata Duby. Frequent on Himanthaiia lorea. 

Chraudia, sphacelaroides Derb. et 8oL Plants bearing tufts of basal sporangia and older 
plants with pustulate sori were found on Gystoseira near SB and Zostera in BC. 

Sphacelaria radicans Harv. Occasional on rocks wdth sandy mud covering. 

S. cirrhosa Ag. No attention was paid to the various forms under wliich this very variable 
alga occurs. It is abundant as an epiphyte on a number of algae (18 different host 
species were recorded) and frequently free growing. Propagulae were being produced 
freely and were found germinating on Dictyota and Punctaria. 

Gladosie2dms spongiosus Ag. Occasional in LH and BC. It shows a preference for sandy 
rocks. 

G. verticiU^^^^^^^ Ag. Rare, found only in deep shaded channels and near cave mouths, 

Alyrionenmceae. A large munber of algae bore members of this family as epiphytes. They 
await accurate identitication and will be treated in a future paper. Myrionema strangulans 
Grev. and Ascocyclus orbicularis Magn. were abundant. 

Ealfsia clavata Farlow. On bare rock surfaces associated with Ve/rrucaHa sp. 

M. verrucosa Ai'esch. Abundant in LH in regions where only the common Fuci are found, 
often reaching considerable depth as a constituent of the encrusting algae association 
of pebbles and stones. 

Stiiophora, rhizoides J. Ag. Abundant in LH(S. and E.) and S. of 01. 

Spermulochnus ^mradoxus Kiitz. Not uncommon in LH(8.) and 8. of Cl, but especially 
noteworthy along the E. shore where there is a good How of water. In deeper water 
than the preceding. 

Ghordariajlugellijhr^^ Ag. Rather rare, m pools and deep water on W. side of BC, especially 
where overhanging rocks cast deep shade. 

Mesogloia verrnimlaia Le eJol. Frequent, noticeably in SB and LH(S.). 

M. Grlffilhsiana Grev. In Trenabo Cove and on Bullock Island. Rare, 

Casiagnea virescens Thur. Rock pools in Trenabo Cove; on Bullock Island. Also near 
R, and occasionally along LH(8.). 

G. Zosterae Thur. Frequent on Zostera marina in BC. 

Peirospongmm Berkeleyi Nag. Frequent in Ealfsia zone in BC, but rare in LH, 

Leathesia dijformis Ai’esch. Abundant but local. Epqihytic on Asperococc'iis fistulosus, 
Gystoseira ericoides, G. granulata, Himanthaiia lorea, Gorallma sp., Alesogloia vermiculata, 
and Punctaria latifoUa. Especially prominent on gently shelving rocks. 

Chorda fltum Stackh. Forming ‘Tieids” in the centre of the upper part of BG and in isolated 
patches in LH (see Table I). Abundantly clothed with epiphytes which sIioav a definite 
zoning; Sphacelaria cirrhosa near the base; Myriotrichia filiformis and Litosiphon 
pusilliis midway and almost pure L. p^isillus towards the apex. 

Laminaria saccharina Lamour. Common both in BC, and on 8. and lower E. shores of 
LH. The forms latissima Turn, and Phyllitis Le JoL are also present. In Lough Hyne 
it is always densely clothed with epiphytes. 

Journ. of Ecology XIX 
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L. digitata Lamoiir. Plentiful in BC, but not spreading beyond tbe entrance to the Rapids 
inLH, 

L. Clousto 7 hi Edin. Common in deep water at entrance to BG, especially near Bullock 
Island. Higher up the creek it is broken and disoontiniious in distribution . 

Saccorhiza polysGhides Batt. Locally abundant, noticeably in li, and near mouth of BG. 
In R, plants of large dimensions occur, feet in length. Epiphytes show definite 
zoning, of which the following is an example: 

On bulbous base: Germniwm mbrmn^ Sertulariu operculala^ Scmpocellaria sp., Hemitonema 
sp., Sclhizoporella hyalma, Spirorbis sp., Hyrrmdacidion swngmmwm, Balmms bala- 
noides. 

On furbelows : Obelia geniculata and ScMzoporella hyalma. 

On stipe: Litosiplmi Lammariae^ Ectocarpus Hinckaiae, Obelia genicMala, Ceraadmu 
rubrmn, E^iteromorpM sp., Polysiphorda sp,, Pimctaria lalij'olm, and sporeliiig Fticiis 
serratus. 

On lamina ; lower 4 ins. continues Eclocmpua Hiucksiae of stipe ; gradually E. Hmckaiae 
thins out and Litosiphon Laminariae becomes abundant, covering the last 2--2-| feet 
of the lamina. 

Alaria eamilenta Qxev. Abundant at mouth of BC, especially on the more precipitous rocks. 
Litoaiphon Lmwdmriae and Ectocaipiis jaaciculatita occur as epiphytes. 

Gullerm muUiJida Grev. Pound on a visit to a bay E. of Baitiniore. 

F'iicus cemnoides L. In five places in Lough Hyne (see Table 1) in bra-ckish water. 

Fumia ajdmlis L. and var. platycarpua Batt. Abundant (see Table 1). 

F. veaimilostis L. Abundant in BC, and LH (see Table I). 

F. aerrakis L. Abundant in BC, and R, but local in LH (see Table 1). 

AscophyUwm imdostmi, Le Jol. Abundant but disappearing near mouth of BC. 

Pelvetia cmialiculata Dene, et Thur. Abundant (see Table I). 

HmmdMUa lorea Lyngb, Plentiful in BC, but in patches only in LH (see Table 1). In LH 
it is frequently covered with epiphytes of which the folio wing are typical: 

On vegetative portion: Sphacelaria cirrhosa, Gelidium cor mum, MicLocladia gimui/uloaa, 
Alelobesia sp. 

On receptacles: Pmictaria ladfoUa, Dictyota dichotoma, Sphacelaria cirrhoaa, Eclocarpaa 
fasciculaiua, E. ailiculosus, Asperococcus jiatulosus, Leatheaia difformia, ElacJdstea 
amtulata, E. velutmus, E'uteromorpha sp., Gladophora sp., Landfiaria smcharina f. Pkyl- 
litia and llhodochorton sp. 

Balidrya siliquosa Lyngb. Rare, found only in a few pools in Trenabo Cove and on W. 
of BC. 

Cyatoaeira ericoidea Ag. Abundant in LH(S.); scattered and locally abundant in BC. 

G. granuMa Ag. Associated with the previous sp. in LH, but rare, except in pools, in BC. 

Typical epiphytes: 


On G. ericoidea 

Lealhesia difformia, Elachistea stellaria 
Sphacekiria cirrhoaa, Melohesia sp. 

Gorallma officinalia, Geramiuni spp. 

Chylocladia ovalis, Gladophora sp. 
Ghaekmiorpha torluosa, Pmictaria laid 
folia, Asperococcus jist'idosus 
Gallitha/rmion sp., Gelidium sp. 

Elachistea fiaricida, Myriactis pnlvinata 

Dictyota dichotoma Lamour. In rock pools in BC. 
Goleen. 


On 6'. grauiilata. 

Geramimu rabrum^ Melohesia sp. 
Asperococcua Jiatu loans, 

Punctaria latijoila, Slihphora: rld- 
zoidea, Eiuchiateajkiccida, 
Spermatoch uua paradoxus, 

Sphacelarm cirrhosa, 

Myriactis pnlvinata. 


Occasional in LH, especially near the 


f. mtricatg Ag. In deep rock pools and deep water near cave in BC. Usually free growing 
but sometimes epiphytic on Corallina rubens. 
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Paet II. The distribution oe the Fucageae in Lough Hyne. 

Fugus cemnoides, F, spiralis^ F. vesiculosus, F. sermtus, Ascophyllum 
nodosum, Pelvetia canaliculata, Himanthalia lorea, Cystoseira ericoides and 
C. granulata occnr witli varying frequency in Lough Hyne, and the general 
extent of their distribution may be seen by reference to Table I. It will be 
noticed that the Cystoseiras are confined to the S. shore, the lower part of 
the B. shore, with a few scattered plants to the S. of the Castle Islands, a dis- 
tribution characteristic also of F, sermtus which, however, does not extend quite 
so far along either the S. or E. shores and is less prominent on Castle Islands. 
It is evident that these three algae require a constantly changing medium, for 
they are found in those parts of the lough where the current sweeps steadily 
as it enters from the Rapids and as it pours out at ebb tide. In the Rapids 
themselves F, serrakis is plentifully found on both sides, but for the two 
Cystoseiras the conditions here are too turbulent, and they begin to appear 
in the lough just at the point where the swirling and eddying waters are 
transformed into a steady but swiftly flowing current: along with F, serratus, 
tliej^ again disappear as the current weakens against the resistance of the 
lough waters. The incoming tide, deflected in part by the bend 26-29 on the 
E. shore and travelling naturally towards the wider opening between the W. 
of Castle Islands and the W. mainland, creates a constantly changing medium 
along the S. shore of the island and around the headland 3-6; and here again 
the three algae appear, though less prominently than on the mainland. 
Through the narrow channel opposite 26, water rushes too rapidly for the 
Cystoseiras, but F, serratus ha,s quite a luxuriant growth (Islands 14-16), 
confirming the view that whilst a rapidly changing medium is required by all 
three, anything approaching a turbulent condition prevents the growth of 
the Cystoseiras, 

The distribution of F. cemnoides is well marked and distinctive, being 
confined to five areas where fresh water enters the lough. At all places except 
15 it is merely trickling drainage water and the alga is poorly developed, but 
at 15, where a stream enters, the growth is extensive and the plants of normal 
size. 

The presence of Himanthalia lorea in the lough is puzzling, for on the 
coast of Wales it is confined to exposed positions with considerable surf action, 
a habitat characteristic of the plant in Co. Mayo. (Cotton, Clare Island Survey) 
and on the Faerdes coasts (Bdrgesen, Bota/^iy of the Faeroes, p. 733). Yet 
occasional plants were found in the Goleen which is probably the most 
sheltered part of the lough; well up on the W. shore 6-9; along the S. shore; 
and scattered plants occur on the shores of Castle Islands. It is interesting to 
note that its distribution in the lough is very similar to that of Laminaria 
saccharina, a plant that normally requires rather quieter conditions and a 
weaker current than other Laminarias. The spores of many exposed species 
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of marine algae must be carried into tbe loiigli witli the sweep of the tide 
through Barloge Creek and the Eapids, yet apart from. HimmtthaUa they fail 
to establish themselves there. The usually recognised factors which determine 
horizontal (as distinct from the vertical) distribution — such as salinity, tides 
and currents, nature of coast and of substratum — a, re not in themselves 
sufiS.cient to account for the appearance in the lough of HmimifJmUa alone of 
the exposed species whose spores may be carried there. As yet, the intimate 
relationships which exist under marine conditions }3etween plants and animals 
have not been carefully studied. The influence of biotic factors, long recognised 
as of great importance in the ecology of land plants, has hardly been touched 
upon in algological literature. It is evident that many of the smaller marine 
animals devour, amongst other food material, the spores of marine algae, and 
just as a selective capacity is seen in the case of antherozoids in relation to 
oospheres, and in the case of nematode parasites in relation to receptacles of 
the Fiici, so a similar selective capacity may he found to prevail between 
certain marine animals and the spores and germlings of marine algar‘. Dis- 
continuous horizontal distribution, though often accounted for in terms of 
anchorage demand, may depend also on the depreda,tions of marine animals, 
and to this problem, illustrated by the case of Him/imilmlia, it is hoped to 
return on the occasion of a future visit to Lough Hyne. It is of course possible 
that the large and comparatively heavy oospores of HimmithMa are a-ble to 
come to rest, and in the absence of serious competition may begin to germinate, 
whilst lighter spores, e.g. those of Alaria, Lcmvlnaria (Ugitaki and .L. Clmisfoni 
are swept out of the lough with the ebbing tide. 

The four remaining Fucaceae are, except in a few areas, generally dis- 
tributed along the whole of the shore of the lough. A study of their relative 
vertical and horizontal distribution reveals the importance of three ecological 
factors: 

(1) The nse and fall of the tide. Except near the Rapids the rise and fall is 
about 4 ft. ill Lough Hyne as compared with about 12 ft. in Barloge Creek 
(for spring tides). This restricted rise and fall affects the vertical depth or 
zoning of the Fnci rather strikingly as the following table shows: 

Table II. 

Vertical depth of 

^ ^ — , — — _ — 

Pehpia Fucm A scopliylhm, Fiicus vesi- 

canaliculata spiralis nodosimi culosus 

Barloge 1 ft.-l ft. 3 in. 10 in.-l ft. 6 in. 3-5 ft. 4-7 ft. 

Lough Hyne 9 in. 6 in. 1 ft. 6 in .-2 ft. 2-3 ft. 

Experiments by Baker {New Phjt. 8, 196; 9, 54) have shown the effect 
of varying periods of submergence and exposure on the growth of the Fuci. 
Observations in Lough Hyne show that Pelvefia can withstand, %vithout ob- 
vious detriment to growth, an increase above the normal period of submergence : 
that F. spiralis is much more sensitive and its vertical range is therefore 
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very restricted: that F. vesiculosus^ witli a vertical range of 2-3 ft. below tbe 
zone of F, spiralis, can live under conditions of complete submergence and 
yet retain a bealtby, tbougb rather bushy, appearance. 

(2) Nature of suhstratumu Along many parts of the shore the upper region, 
near or just below high water mark, consists of small rounded pebbles or 
sharp-edged stones. Under such conditions anchorage is precarious, for winds 
create considerable wave action along the shore, and only scattered and dwarf 
plants of PelveUa am found. When the whole shore down to low water mark 
is similarly constituted, the area is devoid of Fuci, or only a few dwarf plants 
appear. Below low water mark however, F. vesiculosus (and occasionally 
Laramana saccJiarina) is often found, especially if the slope is very gradual. 
Winds, and hence wave action, most often accompany a rising tide, so that 
at low water conditions are in general more quiet, and anchorage is obtained. 
Occasionally in such regions the stones are cemented by mud, thus forming a 
solid substratum, and F, vesiculostis is abundant. It frequently happens that 
on such stony shores boulders and even rocks project. Ascopliyllum and 
F. vesicMlosus then occur plentifully, and a series of comparative observations 
on the number and condition of plants growing on stony areas with occasional 
boulders and rocks shows the importance of suitable anchorage in determining 
horizontal distribution. Of the four Fiici here considered, Ascopliyllum 
requires the firmest anchorage, and with decreasing size of stones, first F. 
spiralis, then F. vesiculosus and finally Pelvetia disappear. The ascendency 
which Ascopliyllum gains on large boulders is strikingly shown in area 34-35, 
where both boulders and stones occnr in the Ascopliyllum- F. vesiculosus zone. 
The former is confined wholly to the hoiilders and the latter to the stones. 

(3) Angle of slope. Though well recognised as an important factor deter- 
mining the distribution of numerous algal communities, the effect of the angle 
of slope on the relative distribution of the common Fucaceae in sheltered 
regions has not received much attention. The following summary of obser- 
vations in Lough Hyne will bring out its importance in this respect. 

(a) Nowliere in the lough is there a flat rocky shore with wide zones of 
the Fucaceae ; where th.e shore is fairly gently sloping it is usually stony and 
anchorage is poor, the plants being poorly developed and scattered. The 
greater part of the shore is rocky and steep, and with increasing steepness of 
the angle of slope there is a corresponding narrowing of the width of the zone 
of each species, though its bathymetric range remains much the same, 

(5) Where rocks or walls descend sheer into the water and their surface 
is almost smooth, either no Fiici are found, e.g. 15-18, or zones of Pelvetia 
and F. spiralis only occur, e.g. 29-30, 22-23. With a roughening and pitting 
of the surface Ascopliyllum and F. vesiculosus are found, the former being 
usually much more prominent as it appears to be able to grow much more 
vigorously in a hanging position, whilst F. vesiculosus (like F. serratus) prefers 
a horizontal or gently sloping substratum. This contrast is well seen on the 
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rocky promontory and the island near the quay 17-18. In certain regions, 
e.g. near 11, where a steep rock arises from a shelving shore Ascophjllum is 
at first the sole occupant, but as a general rule on sheer rocks, with a roughened 
surface, all four species occur, with the Ascophyllum belt best developed. 
There are, however, some exceptions, e.g. 4-6 where Ascophyllum disappears 
on steep rocks and F. vesiculosus remains. 

(c) Where rocks are overhanging and the siufa,ce concave, as e.g. on the 
E. side of the entrance to the Goleen, and at a few points along the" E. shore 
near the Rapids, no Fuci are able to find attachment. If small ridges or 
shelves project, dwarf plants appear, the species depending on the vertical 
height above low-water mark. In one of the inlets in lower Barloge Creek the 
S. entrance is concave and quite devoid of Fuci, whilst the N. entrance, 
though rather steeply inclined, bears a good growth of all five. 

For purposes of comparison with other areas, the Fucaoeae whose general 
distribution is described above may be divided into two associations; a littoral 
Fucaceae Association and a sub-littoral Cysfoseira association. The floristic 
differences between the Irish and Continental Fucaceae associations have been 
dealt with by Cotton (foe. cit. p. 26) and need not be treated here. The Fucaceae 
association of Lough Hyne is in the main similar to that of sheltered bays in 
Co. Mayo as described by Cotton, but with the total vertical range and that 
of the constituent species much telescoped owing to the small rise and fall of 
the tide. There is a notable difference, however, in the restricted distribution 
of F. serratus in Lough Hyne. This alga clearly requires a rapidly changing 
medium for its normal growth, and, as has been shown, it is confined to those 
parts of the lough where the current flows swiftly along. Discontinuity in the 
distnbution of the other species is due to the nature of the substratum (affectino' 
anchorage) and the angle of slope. The sub-littoral CysUmim association may 
be considered as a continuation of the Lamina, rietum of sheltered bays and 
floristically it is not dissimilar to the Pebble-attached association of quiet 
bays (Cotton, loc. cit. p. 73) though complicated by the. presence of Himanthalia 
lorea,^ whose apj)earance in the lough probably depends on biotic factors as 
yet httle understood. Fuller treatment of this association will appear in a 
later paper dealing with the algal communities of Lough Hyne and' district 
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Introbitction. 

The ecological studies descrilied in this and the following papers have to do 
with the suGcessional and distributional relations of the plant communities of 
Wicken Feu, near Cambridge, England, a general account of which has already 
been given by myself and Prof, Tansley (1). In the present series of studies 
problems are raised of the nature of control of the distribution of communities 
by environmental factors, especially by the \vater level. The first paper deals 
w^ith-the investigation of the fen water levels, and the manner in which they 
are controlled by many factors, including that of water consumption by the 
vegetation itself. The second p'a,per^ which will appear in the next issue of 
this Journal will begin with a ■ consideration of the height of the pea,t surface 
i,ii the fen and the configuration and movements of the w^ater table below it, 
and proceed to a detailed, consideration of the nature of the control exercised 
by the water-level/groimd-ievel relationships upon the distribution of plant 
communities in the fen. 

Consideration of the ecology of marsh or fen vegetation very generally 
involves the assumption that the succession of communities follows from the 
reaction of the plants in producing a soil gradually emerging from the water and 
becoming progressively drier. Further, the zonation of communities round 
open water in these areas, that is their arrangement in space, is generally held 
to be controlled in the same way as the sequence of communities in time. This 

^ Godwin j H. and Bharuclia, F. K., “Studies in the Ecology of Wicken Fen,” Part II. 
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is made likely by the fact that in some cases the two series of cominiimties, the 
spatial and the temporal are apparently identical Probable as it may be that 
the ground level and water level relations are of fiiiidanieiital significance, there 
is lacking any exact knowledge of the way in which their control is effective, 

A first fact of significance is that control of vegetatioiial distribution by the 
soil water level may be much more striking at one time of year than at another. 
It may be during a month of winter flooding that its effects are most marked 
(cf. Small on the fenlands of Lough Neagh) (2) ; it may be during the early 
growing season, or in the height of summer. In the first two cases it might be 
expected to operate through the varying resistance of different species to excess 
ground water, or deficient aeration, and in the latter case, with a low water 
table, it might possibly work through the varying resistance of plants to 
deficiency of soil water. Before it is possible to approach these questions it is 
necessary to get a fairly accurate idea of the general behaviour of the water 
table throughout the year and some idea of the ca.iises iiiiderlying its fluctua- 
tions. As a first step towards this, an automatic water-level recorder was 
installed on the fen in the middle of *^ditter” vegetation. Its position is marked 
on the map of Pig. 19 as pit 17. 

WATEBrLEVEL RECORBEB,. 

The apparatus is of a simple type, especially constructed to be weather- 
proof and insect-proof. On the latter account especially, the arm actuated by a 
rising and falling float does not enter the inner case of the recorder by a slot, 
but is attached to an axle which runs through bearings in the walls of the case , 
and which carries inside the case a pen writing on a drum. This is a modifica- 
tion of a thermograph made by Messrs Negretti and Zambia, and is supplied 
with a 28-day clockwork-driven drum. The float is a large glass bottle floating 
in a pit dug in the peat, and it carries a long vertical glass tube rminiiig through 
guides. This is connected by a suitable joint to the arm moving the recorder 
axle, and the arm can be varied in length so as to write in any of several 
different scales on the drum. Usually it was set so that 10 cm. rise or fall of the 
float was represented by 1-7 cm. on the record. The recorder is enclosed in a 
locked outer case and is carried on a platform fastened to four large stakes 
driven 4 to 5 ft. (1*2 to 1*5 m.) into the peat. The instrument is shown set up in 
Plate XXVII, Phot. 1. The instrument has been in use for two-and-a-lialf years 
and has proved quite satisfactory. The errors it allows are quite sufficiently 
small to be neglected for our purpose, and it is sensitive enough to give a very 
clear record of a daily change in level of less than 2 cm. 

The curves of the rise and fall of the water level in the fen throughout the year 
(see Pigs. 2 and 3) show features which can best be considered under the headings : 

(1) Effect of rainfall (precipitation). 

(2) Seasonal drift. 

(3) «*Ehythmical daily fluctuation. 
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Nevertlieless these curves are also subject to the control of a factor scarcely 
deducible from their form, and yet of the utmost importance. This is the 
drainage system of the fen both as regards inflow of water and as regards its 
outflow; especially in the latter respect we shall see its significance. It tends to 
set the broad limits of the water-level movements and must be understood 
before the more detailed nature of the curves can be considered. 

The fen deainaoe system. 

The separate levels of the fen drains in the neighbourhood of Wiclven have 
been recorded carefully by Farren (3). The drains of Wicken Sedge Fen all, 
communicate with Wicken Lode, which joins Burwell and Reach Lodes just 
above Upware (see Fig. 1). Here locks prevent the water in them from 



Pro. ! . Sketeli-map of fens near Wicken, showing main drainage system, and in the eastern (open) 
part of Wicken Sedge Pen also the droves and paths. 

flowing di,rectly into the River Cam, which is usually a fe^v feet lower in level. 
In the summer no wator is allowed through the locks and the level may fall 
some inches below the overflow sluices in the gates, but in the winter, in order 
to keep cultivated land in the Burwell region unflooded as far as possible, the 
excess water is run off into the Cam, so long as that river is at a lower level, as it 
almost always is. The lock-keeper attempts to maintain the water level in tlie 
lodes at a mark f],xed by the drainage authorities responsible for the lands 
involved. The fen lodes and drains are. fed from three main sources: (1) direct 
rainfall on the fen, (2) direct drainage from the chalk escarpment lying to the 
South-east, (3) pumping of water into the fen drains from surrounding agri- 
cultural land, especially when the latter is flooded or in danger of being so. 

Wicken Sedge Fen and its lodes lie at a level several feet above that of the 
surrounding agricultural land and the neighbouring feWs, which are in diffei-ent 
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stages of draining, drying-out and shrinkage. The Sedge Fen, wit hin its border 
of lode banks strengthened with impervious gault clay, thus forms a large 
raised basin above the level of the surrounding land. The various sources of 
water supply to it are sufficient when combined with the controlled outflow at 
Upware, to keep the water level in it roughly constant through the year. It is 
locally believed that in wet winters it behaves as a large reservoir which takes 
the swollen volumes of water from the chalk hills, and so saves the sm-rounding 
country from flooding in any but specially severe conditions. 

These are the circumstances underlying the rather unexpected occurrence 
of a relic of the British fenlands, still wet enough to carry an extensive fen 
vegetation, and yet at a definiteljf higher level than surrounding cultivated or 
semi-cultivated land. 

That little further reference should be possible in this paper to the effect of 
running off' water at Upware, or to pumping from the land around, is to be 
excused on the grounds of difficulty of getting information accurately and 
continuously of such activities, and of the relatively greater importance of 
devoting time to measiuing the actual water-level changes in the feu itself 
(since it is these that directly affect the vegetation there) rather than to de- 
voting time to finding the causes of the water-level changes themselves. Further, 
although the lock control tends to prevent the rise of the water table above a 
certain level, it can only dimmish the rate of fall by permittiTig no drainage 
from the fen and cannot set a limit to the fall as it can to the rise. Thus though 
the winter water level in the fen may be due to control by the lock-keeper at 
Upware, in the summer other factors will be in coutrolb Pumping also only 
takes place in the winter, when its effect is nullified by the lock control at 
Upware. 

Rainfall. 

The effect of rainfall on the water level is cpiite definite, as can be seen from 
the diagram (hig. 4) in which both are plotted on the same time scale. The 
rainfall is that at Fordham^ a village 4-5 miles (7-2 km.) away in an easterly 
direction, which stands on the low ridge of land round the fens. Its rainfall 
record will probably not differ greatly from that of the fen itself. The rainfall is 
given as the total fall per day, and it will be seen that on each day of heavy 
rainfall the water level on the fen shows a sudden steep rise. It is important to 
notice how extremely rapid this rise is; it is often complete in two or three 
hours, which period is presmnably the duration of the heavy rain responsible 
for the use. This foct suggests that the rise is due directly to the effect of rain 
falling on the fen itself, and not to the rise of water level in the lodes and drains 
caused by water draining in from the chalk hills. It has been verified by 

^ In the summer of 1929, according to the loch-keeper, for three consecutive months no water at 
all was run out of the lodes. 

“ I am indebted for these rainfall data to Mr W. V. Bloom, London House, Pordliam, who has 
been lesponsiblc for collecting them. 
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observation in heavy thunderstorms that the water level in the fen does, indeed 
rise immediately the rain begins. 

It is interesting to compare the amount of rainfall per day with the magni- 
tude of the rise which follows it, and on the graph given in Fig. 4 the values 
are as follows : 



Oct. 17 

Oct. 20 

Oct. 24 

Oct. 28 

Nov. 5 

Nov. 6 

Nov. 7 

o 

<! 

Rainfall (cm.) 

1-2 ■ 

i-74 

1-45 

0*45 

0-17 

0-6 

1-03 

0-47 

Rise (cm.) 

15 

13 

14 

3 ' 

— 

7 

9 

■ 4 

.. rise 

Ratio — 

rainfall 

12 

8 

10 

7 

— 

12 

9 
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Thus, with the exception of November 5, on which day it is quite possible 
that no rain fell on the fen, every cm. of rainfall caused a rise in water level of 
from 7 to 12 cm. This was clearly because the rain was not falling into an open 
vessel but was filling up the air-spaces in the soil. Measui*einents show that the 
pore space of the upper 20 cm. of the peat of the fen (which is what we are now 



Bno. 4. Diagram to show the variation in level of the water table in Wicken Fen during part of 
October and November, 1929, and the corresponding daily ramfail. 


dealing with) amounts to about 10 per cent, of the volume of the soil. This, 
neglecting drainage away during rainfall, would give a value for the ratio 

which corresponds to the values observed. 

rainiaii 

It will be noticed that following 'each sudden rise in the water-level curve 
there is a fall towards a lower level, rapid at first, but always becoming less 
rapid. Whether the curve would become flat it is scarcely possible to say, but its 
form, in any case strongly suggests that it represents the drainage of water from 
the fen into the drains and lodes (and possibly through the locks into the Gam) 
after a period of rain. The final level in the lodes will naturally not always be 
the same, as can be seen from Fig. 4. The rainfall records or the year’s 
water-level records (Fig. 3) show that the rains of October and November 
indicated in Fig. 4 were the first heavy rains for several weeks and it is 
interesting to note that the new level to which the water-level curve falls after 
this period of fairly heavy rainfall, is much higher than the old one. A more 
accurate expression of this fact is given in Pig. 5. 

In this figme is shown the fall of the water level in the fen after rain at 
different times during the autumn of 1929. In each c|tse it is plotted so that 
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zero time is the time when a heavy rainfall has just ceased. From mid-October 
to December it seems -clear that the water level in the lodes has risen about 20 
cm. This is apparently the level to which the fen water level sinks after a 
temporary rise due to rain h 

By reference to the rainfall data through the year it is easy to see that the 
water level on the fen responds throughout the year to rainfall in the manner 
illustrated by the foregoing example. 



Fin, 5. Diagram to show the water level during drainage into lodes from the fen aftm per iods of 
rainfall, October to December, 1929. The B>oinan numerals in brackets sliinv Die .st‘t|iieiKc of 
the five curves and each date is the period when the cessation of rninfali uHoued Ibe water 
level to fall by drainage into the lodes. There is from October to December a i isu in lije level 
in the lodes. 
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In Figs. 6 and 7 may be seen plotted the half-monthly averages for the 
water level during the years 1928 and 1929; these are directly derived from the 
original records illustrated in Figs. 2 and 3. A strong similarity in general 
behaviour for the 2 years is evident. We may generalise by saying that from the 
end of October to the beginning of June the water level is high, it is less than 
20 cm. below the average soil level, and indeed may for some time be less than 
10 cm. below it; whilst during the five months from June to October much 
lower values prevail — average half-monthly values of more than 30 cm. 
lasting for about 3 months, and much lower values being prevalent for a long 
period in 1929. The original records show that for 6 or 7 days in July 1928, and 
for 20 days in August-September, 1929, the water level was more than 50 cm. 
below A.S.L. (Average Soil Level). The beginning or middle of June in each 

^ It might be thought that the recorder pit was being filled up by surface drainage from the 
peat round it during rainfall and afterwards slowly came into eq[uilibrium with it, thus giving the 
typical form to the curves during rainfall and not at all representing the real behaviour of the 
water level in the peat of the fen as a whole. This is made unlikely by the fact that the peat is 
extremely porous, so that after a hole has been dug in it, it fills with water very rapidly, the level 
coming after only 2 or 3 hours to within 0-5 cm. of its final value, whereas the continued fall after 
rain may last several days. Expressed in another way we may say that if the level in a pit in the 
peat is raised a few centimetres by filling it with water from a bucket, the level falls again much 
more rapidly than it is seen tD do after rainfall. 
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Diagram to show, for 1928, the yearly course of the fen water level as given by recorder 
in pit 17, and corresponding rainfall. 
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Fig. 7. Diagram to show, for 1929, the yearly course of the fen water level as given by recorder 
in pit 17, and corresponding rainfall. ^ 
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year shows the commencement of a very sharply marked and rapid fall in the. 
water level, which continues until August or even September. In September a 
rise sets in which continues mrtil the high winter levels of December and 
January have been reached. 

Two facts are most striking about this behaviour: (1) that the period of low 
water level should coincide so sharply in time for both years, and especially the 
marked initial fall in June; (2) that neither fall nor subsequent rise seem to be 
related to the rainfall figures. The figures show that during the rapid fall in 
June and July the fen was receiving at least the average monthly rainfall, 
indeed the Jidy rainfall for 1929, and both June and July rainfall for 1928 were 
all above the average monthly rainfall for the year. Similarly the rise of water 
level begins quite definitely in September when the monthly rainfall in both 
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Fig. 8. Diagram to show the yearly drift of ground water-level behaviour in the fen. 


1928 and 1929 was only about half the average monthly rainfall of the year, 

and certainly lower than m the preceding months of falling and constantly 
low water level. 

It seems clear that diminished rainfall is not responsible for the lower 
summer water levels, and we have the direct evidence of the lock-keeper that 
his locks are shut aU through this period. The possibility suggests itself that it 
IS smp y an expression of transpiration of the fen vegetation, and this indeed 
IS the conclusion to which further evidence points. 

(1) The period of rapid fall in water level takes place when the fen vegeta- 
most rapidly, i.e. the traEspiration surface is increasing very 
swiftly The period of subsequent rise in the water table again corresponds with 
the yellowing and dying-off of the fen vegetation. 

A^\ direct water level record for the year (Figs. 2 

an ) wi 1 show that about June 1 there first becomes evident a definite daily 
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periodicity wliicli involves a rapid fall of level during the middle of the day and 
a partial recovery at night. This is a phenomenon which becomes very marked 
during July and August, and it disappears again by the end of September. Its 
occurrence thus coincides with the period of low water level. This daily fluctua- 
tion in level is almost certainly due to the transpiration of the fen vegetation. 
Where the periodicity is strongly marked the fall in level induced each day by 
transpiration is only partly compensated for by recovery at night, so that a 
progressive lowering of the fen water level goes on. When the vegetation begins 
to die off and the daily fall in level becomes less marked, as at the end of 


a/MfiFALL- PLOTTED AS MONTHLY 

averages. 


Av. tnonttvly roin^l jot' igiO. 


JAfi. i FE5. } MAa. j A PL. f MAY , JUNE i JULY , AVQ. > SEPT, , OCT , NOV. , DEC. 


!Fig. 9. Diagram to show, for 1930, the yearly course of the fen water level as given by the recorder 
in pit 17, and the corresponding rainfall. 

September (see Figs. 2 and 3), the inflow of water from the lodes more than 
balances the transpiration loss, and even in absence of rainfall the fen water 
level will rise. Then the rains of October and November will accelerate the 
filling up of the fen. The situation may be summed up by Fig. 8. 

It expresses the sequence of three phases: 

A. November-June. Phase of control by rainfall and locks of drainage 

system. 

B. June- July-August. Phase of reduction of water level by heavy tran- 

spiration, and of maintained low levels. 

C. September-Ootober. Phase of failure of transpiration and filling up of 

the fen by autumn rains. 


- - - J 

— 

average soil levei ^ ^ 
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This picture is both, 'confirmed and' elaborated by the data for 1930 which 
are set out in Fig. 9 and which are compared with the data for 1928 and 
1929 in Fig. 10. These figures show the same winter phase of high water 
level as before and the sudden incidence of falling levels at the beginning of 
June. The water-level curve for 1930 differs from those of the two preceding 
years in the short duration and small extent of the fall in level. This is certainly 
due to the exceptionally heavy rainfall of the latter half of July, 1930, It was 
so great that the fen water table rose considerably despite high summer tran- 
spiration values. 



Fig. 10. Diagram to show the yearly course of the water level in the recorder pit in the fen from 
March, 1928 to March, 1930, and for comparison the average monthly rainfall over the last 
forty years. 


Ill Fig. 10 it will be seen that 1929, 1928 and 1930 form a series in 
regard to the lowness of the summer Avater table and the persistence of low 
values. This is almost certainly related to the summer rainfall as we see from 
the values for total rainfall during July and August : 


1928 

11-0 cm. 

1929 

5*8 cm. 

1930 

18-4 cm. 


Since the average total rainfall for these 2 months over the last 20 years at 
the same station has been 10-5 cm., we may take the curves for 1928, 1929 and 
1930 as representing ar fairly Ml range of behaviour for the fen, and in their 
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effects on sumnier water levels we can assume that transpiration 
nsnally predominates over rainfall. We may thus say of the phases of water 
level that the uncertainty involved in this schema lies chiefly in its applica- 
bility to the fen as a whole. The continuously recording instrument is set up in 
^ditter/’ which is vegetation dominated by Molinia caerulea but containing 
Juncus obtusifloms and Carex jpanicea abundantly. How far may results from 
this one situation be applied to the rest of the fen, especially in view of the fact 
that this comprises areas of very different types of vegetation, some such as 
“ carr ’’^ which may develop at the same period as Molinia^ but may transpire at 
a far greater rate per unit area of fen, and some, such as mixed or pure sedge 
in which the evergreen Oladiim mariscus is dominant and may be expedited 
to transpire all the year round, though more at some times than others? The 
answers to these questions cannot be altogether complete without similar 
continuous yearly records being made at the same time in different parts of the 
fen. Nevertheless we can be assured that in a broad sense the scheme outlined 
does apply to the whole fen, by reference to water-level measurements taken in 
a large number of pits dug in different parts of the fen (Fig. 19). Eeadings were 
made of all the pits as nearly as possible simultaneously and this was repeated 
on several days at different times of year (see Part II of this series). 


Daita^ fuuctuation of water level. 

As already mentioned, from about June to September the water-level 
records show a marked daily periodicity, the nature of which can be seen from 



Fia. 11. Diagram of the water-level record itself at the end of June, 1928, to show the daily 

fluctuation in level. 


Fig. 11, which shows a section of the record about two-thirds of its real 
size. This concerns the period of year when the periodicity is becoming most 
definite (Phase B), and in the latter part of the month it is clear that every day 
there is a rapid fall for about 8 or 10 hours followed by a longer period of slower 
rise. The recovery in each case is only about one-third or one-fourth of the 
^ For description of these communities se® (1). 
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previous fall, so ttat apart from tlie rainfall (indicated by tbe sudden peaks) 
the graph shows a continued fall in the water level. It appeared from the 
recorder graphs that the fall in level took place each day between about 9 a.m. 
and 6 p.m., and that the distance involved was about 3 cm. Allowing a 
recovery of 1 cm. each night this gives an average fall through several days of 
about 2 cm. a day, which is quite considerable. The scale of the graphs was too 
small for them to yield further information about the daily periodicity and so 
in August, 1929, by a long light balanced lever attached to the float of the 
water-level recorder, an index of very much greater sensitiveness was obtained 


A- LITTER., pilty. 

B - Burnt area 
pi 76. , 


ITig. 12. Diagram to show the daily fall in the water level in 
pits dug (A) in litter, and (B) in the burnt area. 


(see Plate XXVII, Phot. 2). Similar apparatus with a float moving along lever 
arm was also placed in two other places in the fen— (a) in the middle of a laro-e 
area accidentally burned bare 10 days before^ (6) in develo ping carr. In no case 
was the apparatus self-recording, which set a limit to its value. Eecords were 
made of the water level throughout two successive days, August 25 and 26, and 
the results are shown plotted in Figs. 12 and 13. On both days there’ was 
clear and bright sunshine with a very light breeze; both were hot days, es- 
pecially August 26, though no temperature records were taken. There was mist 
a over the fen at 7 a.m. (Greenwich mean time) and dew remaining on all the 

, It lough all plant partsfm the wet peat survived, everything above the smlace was consumed. 
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vegetation till after 8 a.m. The level in the litter vegetation (the water-level 
recorder pit) was seen on the first day (Fig. 12) to fall continuously from the 
first reading at 10 a.m. (o.m.t.) until the last reading at 6 p.m. On the second 
day, more extended readings showed that until 9 a.m. the water level was still 
rising (as it had been doing all night, having recovered at 7 a.m. 1*5 cm. from 
the last reading of the previous day). After 9 a.m. the level fell continuously, 
but between 7.10 p.m. and 7.30 p.m. the fall had slackened off almost to nothing, 
and it appeared probable that the slow evening recovery was beginning. The 
data were just good enough to allow the plotting of the hourly rates of fall of 



Fia. 13. Diagram to show the daily fall in the watei* level in pits dug in the 
middle of (A) litter, (B) middle-aged carr, (C) burnt area. 

the water level, and these are given in Fig. 14. It will be seen that the 
curves for both days coincide q[uite closely, especially in respect of the period of 
maximum rate of fall, which lies between noon and 3 p.m., and in respect of the 
slackening of the rate of fall which, beginning about 3 p.m., will clearly reach 
zero value about 7.30 p.m. The commencement of the fall in water level is not 
quite so clear, but it apparently began about 9 a.m. and increased in rate till 
noon. The results given by the sensitive apparatus thus confirm the presence of 
a clear-cut daily phenomenon in a way not possible with the less sensitive self- 
recording instrument. We have already seen reason to think that this daily 
fall is a transpiration effect. The ground can indeed evaporate little moisture 
directly to the air, closely covered as it is with vegetation, but as a check on the 
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effect of the vegetation in producing the daily fall in water level, records were 
naade in a pit in the middle of the area from which all surface growth had been 
cleared by fire 10 days earlier. The wet peat surface was quite exposed to 
evaporation save for a thin surface layer of plant ash still dry. In Flo's. 12 
and 13 it mil be seen that the water level in this case shows a far slower and 
gradual fall throughout the day (falling 6 mm. as against 26 mm. in the litter 
on August 26, and 5 mm. as against 28 mm. on August 26). In the nioht 
followmg August 26 the level in the burnt area pit recovered about 1 mm It 
does not follow, of course, that the daily faU in this area need be due to direct 
evaporation from the soU; it might equally well be due to the effect of neioh- 
boumg nnburnt fen draining water from it, though in the hght of later 
drainage observation this is not very likely. 


A Au4.25.29. 
5 Au^. 26. 24 


a.mvh 


Pig. 14. Diagram to show the rate of rise or fail of the water table 

throughout the day in pi-t 17 in litter vegetati^^^^^ 

Insert phytometer experiment. 

The analysis of the water-level recorder curves was carried a sta^e further 
by the empW of what we may call for c„nv.m.n« an ' Wrt 

“ffter^errr ? ^ water-tight box. containing growing 

measured at anvff T, that water loss from the box cLld be 
m/ \ j construction is sho'wn in Fig 15 It -was 3 ft 

ftTsO cmT penetration of fen plants) ali 

1 ft. (30 cm.) square. It was made of tinned sheet iron and when completed 

as painted mth water-proof varnish which was afterwards washed dow^ with 
water several times. A few centimetres from the base and in the middle of one 
sideatapgave communication between the tin and the fen outside The tap both 
mside and out was closed by a small cylindrical cage of perforated metel to 

prevent large pieces of peat from choking the tap Bvalono- kpwTJ i' i 

the upper level of the tfn the tap could he openTd or do e7wM^ t 
m-tobed, embedded to soilLel. 0„ tie Le 01^1 “eS LT ^ 
md extending the wbole length of the yessel were soldered tto eertical metS 

tubes more or lesesennci,pnlar in seeSon. Oftheee, on,(«) waspJIreW 
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holes at intervals all up the curved outward wall. The other (b) was similarly 
perforated on the flat wall of the vessel itself. Each tube was closed at the base 
so that tube b was eflectively part of the big vessel; a was sealed off com- 
pletely from it, though attached to it. Each tube ended at the top in a suitable 
neck which could be closed by a stopper, and between the two necks the lip of 
the tin carried a metal support rod. When embedded. in the peat the two holes 
behaved in this way: tube a behaved as a tiny narrow well in communication 




Fig. 15. Insert pliytometer apparatus, a and 6 are narrow wells each containing a float (shown 
dotted at /), an extension of which moves over the scale s. a is open to the fen, b to the inside 
of the vessel, t is a tap controlling comniiinieation between the fen and the inside of the 
phytometei’ vessel, k is control key at peat surface, j) support. 

with the fen outside, and tube b as a similar well in communication with the 
peat within the tin. In each tube was placed a glass float carrying a delicate 
glass pointer emerging through the neck and running through guides against a 
vertical millimetre scale. By this means the exact rise and fall of the level in 
the vessel could be followed in the one tube and those in the surrounding fen at 
the same time in the other. (See Plate XXVII, Phot. 3.) 

The first readings with the apparatus were made in July, 1930. In the same 
year a deep pit was dug in litter a few metres from th^ water-level recorder pit 
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and a large block of peat with representative living vegetation was transferred 
as a whole to the tin vessel wMcli it had been cut to fit, the vessel was sunk in 
the pit so that the lip of it came just to the peat level, and the rest of the pit was 
filled in and replanted with the top sods of the original vegetation, Witliiii a few 
months traces of distixrbances were not at all evident in the growth of the 
vegetation. 



Fig. 16. Insert phytometer experiment of July 8 and 9, 1930, showing daily variation of water 
level in the two wells of the phytometer apparatus. 

During the establishment of the plants in the phytometer the tap connect- 
ing the vessel with the fen outside was left open so that the phytometer plants 
were subject to just the same water-level conditions as those in the fen around. 
That this was so was checked hy the fact that the levels in both side tubes 
remained the same during this time. 

On July 8 at 8 a.m. (g.m.t.) the tap was closed, and from that time the 
phytometer vessel was essentially a transpiration vessel independent of water- 
level changes in the rest of the fen. Changes in it were followed in tube a, 
changes in the fen water levels in tube b. 

Results. 

On July 8 at 8 a.m. (g.m.t.) the floats in both tubes were found to give the 
same zero reading and the tap was then closed. The next reading was then taken 
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at noon, and thereafter readings were taken every hour till 8 p.m. ; the next 
morning readings recommenced at 7 a.m. and were continued hourly until 
8 p.m. The results are shown in Fig. 16. It is clear that both in the fen and 
phytometer there is a pronounced fall in the water level during the day, but 
whereas the level remains constant or falls slightly at night in the phytometer, 
it rises considerably in the fen. The following conclusions may be drawn from 
the results. 

Ooncliisions. 

Transpiration in the phytometer will bring about a daily fall in water level 
of the same order of magnitude and the same character as the daily fall evident 
in records of the fen levels. In these latter the faU is then presumably transpira- 
tion also. 



Fig-. 17. Diagram to show factors in the daily periodicity of water-level 
movements in the water-level records (pit 17). 

Practically all the significant differences between the fall in level in the 
pliytometer and in the fen around can be explained on the basis of a continual 
drainage into the fen at that point of water from neighbouring drains, etc. This 
is evident as a rise of about 2 mm. per hour during the night, and if a correction 
of this magnitude is applied to the water-level curve during the day as well as 
the night, so as to find the probable fall of level due only to transpiration from 
the fen, a curve is obtained very like that of the phytometer. 

Thus for the recorder pit in the litter the explanation of the daily fluctua- 
tion in the form of the water-level curve is to he found in the interaction of (a.) 
transpiration lowering the level, (b) drainage in from the lodes raising it : (6) is 
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continuous tlirough the 24 hours, hut {a) is limited to the day ainl may vary 
also from day to day in magnitude. 

This may be expressed by Fig. 17. 

Simultaneous water-level records. 

The phytometer experiment left little doubt that in the curves of the 
permanent water-level recorder the daily periodicity during the summer was 
due to (a) plant transpiration and (b) drainage inwards from lodes and dykes. 
It was not, however, entirely clear that the drainage channels might not be 
showing also a marked daily periodicity in level, due to some cause outside the 
fen, and that this might not be responsible to some extent for the daily 
periodicity in the water-level curves of the recorder pit. The channels might, on 
the other hand, be showing a daily periodicity in level which might be a result 
of the changes in level in the fen as a whole. The problem of the nature of 



.o u ,7 


Fiq . 18. Water-level records obtained by automatic recorders working simultaneously in- pit 13 
and pit 17, or in pit 6 a and pit 17. 

water-levd beliaviour in the drainage channels was attacked by placing in a 
neighbouring dyke (Drainer’s Dyke) a second water-level recorder like the 
hrst in all respects save that it was made readily portable to various permanent 
platforms set up beside pits in different parts of the fen. A few days’ simul- 
taneous recording of the levels in Drainer’s Dyke and in the permanent recorder 
pit situated 50 m. away m the litter vegetation, sufficed to give conclusive 
results. The curves for the two recorders are shown together in Fig. 18. 

(a) Pit 17 in Litter and Drainer^ s Dyhe. 

The weather from June 4 to 12 was fine and hot. The water level in the 
litter showed a continuous fall for five days and then stayed more or less flat 
although on every day save one the rapid fall due to transpiration was evident’ 
with marked recovery at night. In the dyke record there was no evidence at 

that ^ periodic rise or fall, so 

dyketveir"^ penodicity in the litter cannot have been the changing 
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In the dyke there seems an ill-expressed fluctuation which is difficult to 
relate to the periodicity of changes of level in the litter. The peculiar general 
form of the dyke curve is due to the fact that weeds were cut early in June in 



Fig. 19. Map of Wicken Sedge Fenjshowing the position of the water-level pits (numbered 1 to 
76) in relation to droves, dykes and the strips of land once under separate ownership. The 
pits indicated by ringed numbers (6 a, 13, 17 and 49) are those used with special water- 
level recording apparatus (see text). 

Monk’s Lode (see Fig. 1), hut those in Wicken Lode were uncut. The released 
water could not get away, so that it flooded all the vijlage end of the Sedge Fen 
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and was responsible for the rise in level of Drainer’s Dyke between June 4 and 
8, and the maintenance of the high level afterwards. 

It is noteworthy how little the form of the dyke curve is reflected in that of 
the litter; the latter seems to be falling continuously under the influence of a 
high daily transpiration which cannot be compensated for by drainage in from 
the dyke. We can apparently say with safety that during June transpiration in 
litter IS so great that except very near lodes and dykes it removes more water 
than can flow in from such drainage channels. Naturally the rate of drainage 
into any part of the fen is controlled by the distance from drainage channels 
and by the difference in height of the water table in the two places. 

The foregoing results accord with the general system of explanation given 
earlier. ® 



Pig. 20. Water-level records obtained by jintomatic recorders working 
simultaneously in pits 49 and 17. 

(6) Fit 17, in litter compared with pits 6 a and 49. 

If the recovery every night of the water level in the water-level recorder 
pit 17 IS really due to inflow of water from Drainer’s Dyke, as we have had 
very strong evidence to show, then pits much farther distant from drainage 
channels, whilst showing a daUy fall in level due to transpiration should show at 
night a practically flat curve; they should, in effect, show a curve like that for 
e insert phytometer. When the portable recorder was placed in either pit 6 a 
or m pit 49 (the positions of which can be seen on the map, Kg. 19 to be a 

ong way from open drains), the records were at once clearly evident as of this 
expected type (see Pigs. 18 and 20). 

The true relative heights of the water table in the pits 6 a and 49 are con- 
sidered in Part II of this series; they are not indicated by Figures 18 and 20. 

Magnitude oe teanspieation by the ebn vegetation. 

In the automatic recorder records, the phytometer results, and the dehcate 
level indicator results we have ample material for rough estimates of the rate of 
OSS of water from the htter vegetation of the fen, and we have material for 
comparison of one type of vegetation with another. 
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Litter vegetation. 

If we take tlie experiment of August, 1929, as typical of the true midsummer 
conditions, w^e can use a mean value of 2-7 cm. for the fall in level between 
9 a.m. and 7 p.m. The soil pore space is about 10 per cent., so that the water loss 
per square metre of litter will be 2700 c.c., and if we remember that during the 
whole 24 hours water has been draining in from the dykes at about one- 
quarter of this rate, we get a value of 3325 c.c., or over 330 c.c. per hour for 
the real transpiration rate. To make this good every day a rainfall of 3-4 mm. 
would, of course, be needed, which corresponds to a yearly rainfall of 124 cm. 
as against the Fordham record of 53 cm. for 1928 and 41*5 cm. for 1929. The 
common inadequacy of the June, July, August and September rainfall to cope 
with such high transpiration, and the slow rate of the drainage into the fen 
from the lodes account for the prevalent low water-levels during these months. 

If other data are taken as the basis for calculation different figures of the 
same order will be obtained. Thus from the phytometer experiment the fall 
during the day of July 9th, 1930, was 3 cm. and if the previous night’s recovery 
is used as a basis, about 2 cm. must be allowed for inflow from the lode between 
8 a.m. and 8 p.m. Thus the fall during that day was 5 cm., corresponding with a 
transpiration of 5000 c.c. per square metre for the day, and over 400 c.c. per 
square metre per hour. 

The recorder graphs yield similar data. Thus for the 12 days beginning 
July 1st, 1930, the average daily fall was about 2*4 cm., and the average rate 
of recovery such as to raise this figure to about 3*2 cm. for the fall due to 
transpiration alone. This corresponds with a loss of 3200 c.c. per square metre 
during the day. The recorder graphs (Figs. 2 and 3) show that these 
figures are fairly representative of the transpiration rate during the summer 
months. 


Burnt areas and carr. 

The movable water-level recorder was kept for a time at pit 6 a, in middle- 
aged carr of Rhamnus frangula^, and for a longer period at pit 49 in vegetation 
growing up diuing the eleven months since the fire in August, 1929. As there is 
no significant recovery in level at night in either of these places the total fall in 
level is attributable to transpiration, which we may compare in magnitude with 
that going on at the same time in the litter round the water-level recorder pit. 
The roughly worked out values are given in the table on p. 472. 

The range of values shown between different communities is quite striking and 
the readings taken over several days are not likely to be anything but typical 
values for fine English summer days. 

The transpiration value for the carr is apparently less than half that of the 
litter, and not a great deal more than that of completely bared ground. The 


For description of this community se^(i). 
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vegetation of 1 1 months’ growth after the fire (pit 49) shows transpiration values 
of about half those of the litter, and as it develops further this value may rise. 

Fall in water level due to transpiration’^ 

Litter (pit 17) Carr (pit 6 a) 

4-1 cm. per day 1*6 cm. per day 

Litter (pit 17) Young mixed vegetation. (i 3 it 49)t 

4-5 cm. per clay 2*0 cm. per day 

Litter (pit 17) Carr (pit 6 a) 

2*1 cm. per day 1*0 cm. per day 

Litter (pit 17) Carr (pit 6 a) 

c. 3*5 cm. per day c. 0*7 cm. per day 

Litter (pit 17) Young mixed vegetation (pit 49)t 

3*3 cm. per day 1*6 cm. per day 

Litter (pit 17) Cleared by fire 10 days before 

(pit 76) 

c, 3*5 cm. per day 0*6 cm. per day 
Litter (pit 17) Cleared by fire 11 days before 

(pit 76) 

3*5 cm. per day 0*5 cm. per day 

* Varying values for percentage pore space in the peat would invalidate these figures as 
indices to relative transpiration rates, but measurements have never shown sulktantial variation 
in the pore space figures. 

t Pit 49 is in an area of ridge and furrow ground carrying pure sedge and stages of bush 
colonisation. This was burned clear in August, 1929, and at the date of the reading carried vegeta- 
tion of 11 months’ growth. 


Date 

June 12 to June 15, 1930 

June 26 to June 29, 1930 

June 19 to June 23, 1930 

August 26, 1929 (sensitive 
level recorder) 

June 25 to July 15, 1930 

August 25, 1929 
August 26, 1929 


These varying transpiration values for different plant communities may be 
expected to have pronounced secondary effects upon the summer form of the fen 
water table, which will tend to be depressed below communities such as litter 
and to be relatively high below communities such as carr. It is not yet evident 
to what an extent such an effect is present in the fen. 

Variation in the water table produced in this way may possibly exercise 
control over distribution of plants on the fen but, as will be later suggested, it 
seems at present more likely that control takes place in the winter when the 
transpiration effect is negligible and the water table is more nearly flat all over 
the fen. 


Summary. 

A description is given of an automatic water-level recording apparatus 
which has been set up in the fen for two-and-a-half years. The water-level 
records have been analysed in terms of the factors controlling the levels; these 
are the following: 

(1) The fen drainage system, which is in ultimate connection with sluice 
gates kept at a given level. This tends to prevent high water levels in winter, 
and to lessen the fall to low levels in summer. It narrows the range of move- 
ment of the water table as a whole. 

(2) The rainfall, which is shown to be responsible for all the sudden rises in 
water level aU over the fen. The rise in level is shown to agree roughly with the 
rainfall and sod pore-sp^ce data. 
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(3) Transpiration, whicB. is sBowii to be effective in producing a fall in tbe 
fen water level each day during the months May to October. Close to the 
drainage channels the level recovers at night, but away from them the level is 
unaltered. In each there is a marked daily periodicity in level. 

The foregoing factors are effective in producing a seasonal variation in level 
through the year, which can be divided into three periods; 

A. November to June — high water table — phase of control by rainfall and 
locks of the drainage system. 

B. June, July and August — phase of reduction of water level by heavy 
transpiration, and of maintained low levels. 

G. September and October — phase of failure of transpiration and filling up 
of the fen by autumn rains— rising water levels. 

Field measurements of change in water level were made with sensitive 
indicators and by two simultaneously recording instruments placed in different 
plant communities. These have shown that the magnitude of transpiration in 
litter vegetation is off the order of 3 to 4 litres per square metre per day in fine 
summer weather, whilst in mixed sedge recovering from fire the rate is about 
half, and in middle-aged carr less than half this amount. In ground bared of 
vegetation by fire the fall in water level each day is about one-fifth of that in 
the litter. 

An “insert phytometer” apparatus is described, by means of which the 
water-level behaviour in an enclosed culture of fen vegetation can be compared 
with the behaviour of levels in the neighbouring fen. The results confirm the 
previous interpretations of the daily periodicity of water-level behaviour as 
phenomena of transpiration and drainage from lodes and dykes. 
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EXPLANATION OF PLATE XXVil. 

Phot. 1. The automatic water-level recorder set up at pit 17 in “litter” vegetation. The outer 
case is open showing the recorder. The pen arm is moved by a long lever arm fastened to the 
float in the pit behind. 

Phot. 2. Sensitive level indicator set up in August 1929, 10 days after clearing up by fire. The 
spikes in the ground are the bases of Cladium with new white leaf -bases grown out since the 
fire. 

Phot. 3. The insert phytometer experiment in July 1930. The clamps carry scales against which 
small paper indicators are visible. The indicators are carried on delicate glass rods running 
through guides and carried by floats in the two small wells, the necks of which can be seen 
below the scales. The vegetation consists largely of Molinia caerv^ea and Carex yanicea. 
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ECOLOGICAL INVESTIGATION IN SOUTH CENTRA! 
AND EAST AFRICA: OUTLINE OF A PROGRESmE 

SCHEME 

By JOHN PHILLIPS. 

I. InTBODUCTORY KEMARKS. 

In tiis brief commmiication I propose, without entering into particular details 
in South, Central and East Africa. The scheme is put forward entirely on mv 

eZITI r' orauthority of anygovernment 

it wZl ^ relatively novel line in scientific ivestigation 

It behoves us to be particularly careful that we base that research upTn 

dyM^X concepts that are broad and 

ynanuc. The points that appeal to me as being of the first importance are 

^The teSf ecological research in South and East Africa. 

of Smdb A? Q™ T comprises that constituted by the Union 

of South Africa, Swaziland, Basutoland, Bechuanaland, Southern and NorthSn 
Rhodesia, Nyassaland, Uganda, Tanganyika and Kenya. 

11. Objects OE AN ECOLOGICAL SURVEY IN South, Centbae 

AND East Africa. 

Eor the sake of convenience the objects sought may be discussed under +Le 
(a) Principal scientific objects 
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(6) Principal practical objects. 

To gather scientific information bearing directly and indirectly upon : 

(1) The rational use of biotic commmiities in agricultural practice — so as 
to gain the best crops, and at the same time to conserve the soil characteristics, 
if not to improve them. 

(2) The wise utilisation of natural grazing, the possible improvement 
thereof, the problems associated with herbage toxic to domesticated animals, 
and the nutritional values of pasturage. 

(3) The development of progressive forest policies in the spheres of con- 
servation, re-forestation, afforestation, sylvicultural management, and forest 
protection. 

(4) The prevention of soil erosion and its concomitant evils ; and in certain 
local instances the reclamation of areas disturbed by accelerated, erosion due 
to man’s action. 

(5) The conservation of moisture in natural water-catchment regions. 

(6) The investigation and control of belts of tsetse fly, since these flies 
depend for their existence upon the vegetation types and the animals within 
such types. 


III. Suggested procedure. 

(a) The study of selected formations. 

A study of the available botanical information upon South and East 
Africa suggests that the main formations fall under the following general sub- 
heads: (i) desert; (ii) Karroo semi-desert scrub; (iii) Karroo semi-desert scrub- 
grass transition; (iv) climax grassland; (v) deciduous scrub (whose serai stages 
cover vast areas); (vi) subtropical evergreen scrub; (vii) Macchia or “Fijnbos” 
of the South-West Cape Province; (viii) subtropical evergreen forest; (ix) 
tropical evergreen forest ; (x) mangrove swamp. 

With the exception of the desert communities, these formations are of 
economic importance, either for agricultural and pastoral pursuits, or for the 
major and minor natural products yielded by them. Their investigation 
ecologically — as a basis for their most rational economic use — is therefore 
highly desirable. But the extent of territory with which we are concerned is 
so huge that normally the financial cost of investigating the principal forma- 
tions within each separate governmental domain would be prohibitive. For 
this reason it is necessary that we should decide upon the particular formations 
it is most desirable to investigate. Thereafter we could work upon these within 
selected governmental territories only. If and when resources permit the study 
of the remaining formations within any single territory could be undertaken. 

In order to decide how and where we are to study the selected formations 
the distribution of the main formations in the regions under discussion is 
briefly reviewed in the following table : * 
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Formations 

I. DESERT 

SALT DESERT 

II. KARROO SEMI-DESERT 
SHRUB CLIMAX 

III. KARROO SEMI-DESERT 
SHRUB-GRASS TRANSI- 
TION 


IV. CLIMAX GRASSLAND 

(1) SUBTROPWAL BUNCH- 
GRASS 

(2) TROPICAL HIGH GRASS 
(possibly serai?) 

(3) MOUNTAIN GRASSLAND 

(4) ALPINE MEADOW 


(5) MARSH GRASS (possibly 
serai?) 

y. deciduous SCRUB (with 

its main serai stages covering great 
areas): 

(i) Serai grassland 

(ii) Acacia open woodland, with 
short or long grass 

(iii) Hydrojihilous Acacia eom- 
inuiiities 

(iv) Balam ies and palm communi- 
ties 

(v) Hydrophilous fringing busii 

( vi) Comhretum- Terminalia‘Ot}iei' 
®PP- opoii woodland 

(vii) Berlinia, Brachystegia, Ua- 
paca, Baiktea, Copaifera, etc. 
woodland 

The peculiar Gi'cioia-Pseudopfo- 
sopis-Bimea thickets of the 
Singida-Manyoni type • 

VI. evergreen sub- 
tropical scrub 

VII. MAGGHIA or FUN- 
BOS * ^ 

VIII. SUBTROPICAL EVER- 
GREEN FOREST of various 
types ranging from the Podocar- 
>ma-Olea-ot\mT spp. forests of the 
llnysna type to the rather more 
tropical forests of East Africa, and 
including the East African Junl- 
perus and W iddringtonia types 

EVEKGREEN 

(i) Coastal type 

(ii) Lower level (1600-4000 ft.) 
moister type 

(iii) Upper tropical “rain” forest 

, type 

(iv) Lower level drier type 
X.' MANGROVE' SWAMP 


Represented 
widely in 

Namib of South-West 
African coast belt 


Cape Province 

Contiguous with upper 
and low'er Karroo of 
Cape Province, Nama- 
qiialand, and South- 
West Africa 

South Africa; Basuto- 
land 
Uganda 

Tanganyika; Uganda 


Bechuanaland ; Nortlierii 
and Southern Rhodesia ; 
Tanganyika; Kenya 


yiepreseiited to an 
important extent in 


South-West Africa; Becliu- 
analand ; Tanganyika 
Contiguous with Namib of 
South-West Africa 
Ken^^a (coast hint, eiiand : 2° N. 
to 2"" S. iat.) 


Southern Rhodesia 

Sporadically in other Central 
and East African territories 
Kenya; Nyassaland 
T,lie uppermost portions of the 
higher inountains in Central 
and East Africa 
Ikaiiuanalaiid; Nortliern Rho- 
desia; Uganda 
Nyassahind 


South Africa, especially 
the Cape Province 
South-West Cape Pro- 
vince (serai in the 
Knysiia region) 


Tanganyika 


About 5000-6000 ft. in Central 
and East Africa 


Soutli Africa (moister coast 
and monia.iic regions); 
Southern lUiodcsia, Northern 
Rho(!(ssia, Nyassalaini, Ken- 
ya, Uganda {iu'ghlands above 
5000-7000 ft.) 


Nyassaland, Kenya (riverine), 
Uganda (scattered), Tangan- 
yika (coast, lower slopes of 
coa.st-hinteiiaiid ranges, and. 
Kilimanjaro) 



Along the coasts of ZuMand, 
Tanganyika, Kenya 
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(6) Training of staff. 

One of the main difSciilties is the obtaining of men with adequate training 
in, and with a particular for ecological research. This difficulty is, I venture 
to think, partly due to the fact that most of our Home and Overseas Uni- 
versities take relatively little interest in the teaching of dynamic ecology. 
Oui need as an Empire is great and urgent; could not our Universities 
endeavour to meet it? 

On the grounds of my own shortcomings I should say that for the kind 
of ecological work urgently required in our overseas possessions, the best 
ecologist is he who is qualified more or less as follows : 

(1) The usual foundation of physical and biological science, with advanced 
study in both zoology and botany (a sound grounding in the systematic 
botany of the flowering plants is essential); and if possible also in either 
chemistry or physics, 

(2) Thereafter a course in either agriculture or forestry, with the object of 
giving a theoretical and practical understanding of these important subjects. 

(3) A special theoretical and practical course in field surveying and simple 
agricultural or forest engineering. 

(4) A short course in statistics, almost certainly useful in the working out 
of biological data. 

(5) Theoretical and practical training in geology, agricultural or forest 
chemistry, climatology, agricultural bacteriology, mycology, entomology, and 
selected methods of analysis of biotic communities and habitats. 

(6) Experience in dealing with scientific literature, including a good 
working knowledge of the principal ecological literature. 

(7) Practical training in photography and photographic methods. 

(8) Practical experience in the efficient making, filing, and indexing of 
scientific and other records, and in simple general office methods. Only too 
often do we find university men entirely incapable of making and arranging 
adequate records or of doing simple accounts. 

Such a training would require from five to six years of university life, but 
such periods are now commonly demanded of forest and agricultural officers. 

For somewhat specialised ecological researches — as for example the 
problems set by the tsetse fly — a partial course in veterinary or medical science 
would be a definitely useful adjunct to the training already outlined. 

I emphasise the need of giving ecologists training in such subjects as 
agriculture, forestry, veterinary or medical science, for the very good reason 
that without one or other of these (or in special instances all) ecologists 
cannot be expected to realise and understand the great practical problems set 
them in the field, nor can they hope to work in the fullest and most intelligent 
co-operation with officers engaged in these particular professions. 

Even after the student has undergone the broad training described, he, 
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cannot— except in outstanding instances— be considered capable of conducting 
ecological researcli in Africa or any other new country, iiiiguided by an in- 
vestigator of some experience. The newly qualified man, in iny opinion, should 
serve for at least a year with such a senior in the particular overseas territory 
in which he is to work. During this period he would not only have an oppor- 
tunity of learning how to proceed in practical investigations, but would also 
be able to build up a working knowledge of the. systematic botany and zoology 
of the region. I suggest that this initial training of the staff in the field, by a 
senior, be considered an essential, at any rate so far as ecological investigations 
in South, Central and East Africa are concerned. 


(c) Distribution of staff. 

To attain the objects described the following personnel would be required: 

(i) Seven senior research officers, twelve junior research officers, one 
secretary, fourteen lay assistants (European), together with several European 
(South Africa) and Asiatic (Central and East Africa) clerks. In charge of the 
whole there would be a director, whose whole duty should be to define the 
policy and concepts, guide the research officers, and generally co-ordinate the 
results of the investigations. 

(ii) After the staff had obtained about a year’s practical experience under 
the director’s guidance, they might be distributed in some such manner as is 
shown in the following table : 


Territory 

Union of South Africa 
Union of South Africa 

Southern Rhodesia 

Uganda, Uganda and Tan- 
ganyika 

Union of South Africa 


Bechiianaland, Southern 
and Northern Rhodesia, 
Nyassaland, Tanganyika, 
Kenya 


Union of South Africa 


Formations to be studied 

(i) Karroo semi-desert shrub, and 
(ii) Karroid semi-desert shrub- 
grass transition 

Grassland climax (subtropical 
bunch grass in Orange Free 
State and Transvaal) 

Subtropical bunch grass, and 
serai tree-and-grass savanna 

(i) Tropical high grass savanna, 
(ii) mountain grassland 

Subtropical evergreen scrub of 
the Cape Province 


Deciduous scrub climax, with its 
main serai communities: (i) 
Acacia open woodland of vari- 
ous types; (ii) Combretum 
open woodland of various types ; 
(iii) woodland of Berlinia, Bra- 
chystcgia, Baikiea, Copaiferay 
etc. 


Macchia or “Fijnbos’' 


Details rc staff 

1 senior officer 
1 junior officer 
1 lay assistant 

1 senior officer 
1 junior officer 
1 lay assistant 

1 senior officer 
1 lay assistant 

1 senior officer 
1 junior officer 
1 lay assistant 

1 junior officer 

1 lay assistant 

— working under general 
guidance of senior officer 
studying the Karroo 

2 senior officers 

5 j uiiior officers 

6 lay assistants 


1 junior officer 
1 lay assistant 

— collaborating with officers 
md 
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Territory Formations to be studied Details re staff 

I^assaland, Tanganyika, Subtropical evergreen forest, 1 senior officer 
Ivenya, Uganda tropical evergreen forest 2 junior officers 

2 lay assistants 
— to collaborate with forest 
officers in these colonies; a 
beginning has been made by 
the Forest Department in 
South Africa (at Knyana) 

Tlie selection of a training centre for the stafi would require careful thought, 
but at the present time it seems that a year spent in studying some of the 
main ecological features in the great areas of South and East Africa covered 
by the various serai stages of the deciduous scrub formation would be desirable. 
Not only would the staff receive training, but in addition would be contributing 
data tow^ard the solution of problems of the first importance. 

Following the training in this formation, the staff should be distributed 
among the formations to be studied. It is clear that much useful assistance 
could be obtained by the co-operation of the following government and other 
officers: In South Africa: Officers of the Bureau of Plant Industry, and the 
Botanical Survey; Forest, Agricultural College, and University officers. In 
Rhodesia: Agricultural and Forest officers. In Central and East Africa: 
Eesearch officers of the Agricultural Research Station at Amani, Agricultural 
and Forest officers. It is conceivable that the Imperial College of Agriculture, 
Trinidad, might agree to sending several students each year, for the sake of 
learning ecological research methods in the field, and temporarily assisting the 
staff. Workers in official herbaria in Great Britain and South Africa would 
probably gladly co-operate in the naming of herbarium material, while animal 
collections would doubtless be identified by workers in museums and govern- 
ment institutions in Great Britain and South Africa. 

Semi-permanent native assistants could be trained to aid in routine work 
and to supervise labour. 

(d) Outline of the research programme. 

It is necessary that such fundamental matters as the nomenclature and 
classification of commumties, methods of community and habitat analysis, 
and the recording and working out of scientific data should be placed upon 
a uniform ba,sis ab initio. Without such an arrangement the smooth running 
of the investigation and the attainment of the best scientific results could not 
be expected. In addition to these essential preliminaries, the general lines of 
procedure should include the following : 

(1) Settlement of administrative and financial details, and careful selection 
of the staff and equipment. 

(2) General reconnaissance by the Director and a senior officer through the 

territories to be studied. 

(3) Initial training of the staff in Africa, upon practical problems in, say, 
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the deciduous scrub formation; this training to include a working knowledge 
of the systematics of the plants and anifnals. 

(4) Selection of the best working localities within the chosen formations in 
the various territories, selection of the most suitable officers for the particular 
work planned; arrangement for co-operation between ecologists and territorial 
administrative and scientific officers. 

(5) Drawing up by officers in collaboration with the Director and any 
other scientific officers within the territory, of a programme of research most 
urgently required to be pursued within the particular territory. 

(6) Local research programmes should, inter alia;, take into account the 
following; 

(а) Extensive systematic reconnaissance within and around the formation 
under study; instrumental observations of all necessary climatic, soil, and 
physiographic features; observations on vegetation commimities and ' then- 
animal associates, including the apparent successions. This reconnaissance 
would be primarily to suggest sites for, and lines of, research. It must, however, 
be continued from time to time throughout the period of investigation. 

(б) Extensive and intensive successional studies within the biotic com- 

munities. The establishment of permanent quadrats and transects should be 
undertaken, so that they could be kept under observation by succeeding 
generations. ^ 

(c) Habitat analysis by the most efficient methods. 

(d) Study of community reactions and interrelations— or the “co-actions” 
between plant and plant, plant and animal, animal and animal. 

(e) Conduct of such special field experiments as might be found necessary 
tor throwing light on particular aspects of certain ecological problems. Included 

ere would be animal exclosure, fire protection, and cultural experiments. 

(/) Worlang out intensively and extensively the indicator significance of 
the more widespread biotic communities, and applying the information so 

inserted management, or forestry~as circumstances 

{g) In certain cases— such as the dominants of extensive and important 
communities— study of the principal biological and autecologieal features of 
selected species of plants and animals. 

{l) Making, and submission to scientific authorities, of biological collec- 
tions-emphasis being placed not upon rare or unique specimens, but upon 

fem™n important rSle in the ecology of the 

(i) Keeping in touch with the broader needs of agriculture, officers con- 
cerned with pasture management, veterinary work and forestry, and applying 
the available scientific data .vherever possible to practical ends. It h L 
ceivable that from time to time this could be accomplished by means of 
large-scale, practical, but properly checked experiments^ ^ 
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(j) Gradually, by means of simple survey methods (e.g. compass traverses) 
the broad an d f uiidameiital ecological features of the region should be mapped ; 
possibly aerial survey might be a useful adjunct. 

(7) Co-ordination of the data returned by the officers studying the various 
formations. 

(8) Preparation and publication of annual and periodic reports as well as 
special scientific papers. 

IV. FiNAlSrCIAL outlay: an estimate. 

On the basis of fairly detailed consideration of the necessary expenditure 
involved in the scheme outlined above, it is estimated that the annual cost 
of the scheme would amount to about £20,000 in stipends, salaries and wages, 
rising at the end of six to eight years to £25,000; and about £11,000 in other 
costs, such as equipment, travelling and incidental expenses, making a total 
of £31,000, rising to £36,000. In addition about £14,000 would be required as 
initial, non-recurrent expenditure on equipment and passages to Africa. It is 
proposed that the stipend of the Director should be £1500, of the senior research 
officers £600 to £800, rising to £750 or £1000 according to location, and of the 
junior research officers £400 or £600, rising to £750 or £800. 

This outlay could — it is suggested — be shared by South Africa, Southern 
Rhodesia, Northern Rhodesia, Nyassaland, Uganda, Tanganyika, Kenya and 
the Protectorates of Bechuanaland, Swaziland and Basutoland, according to 
arrangements entered into by the authorities administering these territories. 

V. Administrative arrangements. 

Owing to so many territories being concerned with an ecological survey 
of the type herein proposed, special care to base the investigation upon sound 
administrative principles would have to be exercised. In general it would seem 
to the advantage of the survey to place it upon the same footing as the East 
African Agricultural Research Station, Amani, Tanganyika — probably with 
some special arrangements for the officers serving in the Union of South Africa 
and ill Southern Rhodesia. The Director should be responsible either to the 
Imperial Government, or to a special Ecological Survey Committee appointed 
by the Imperial, Territorial, South African and Southern Rhodesian Govern- 
ments. The senior research officers in each territory or formation would be 
responsible to the Director. 

Arrangements would have to be made with each Government concerned 
as regards buildings for official and residential purposes. The usual medical 
and other facilities available to government officials in the various territories 
should apply to the officers of the survey. 
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VI. Conclusion. 

Details of varying degrees of importance have been omitted, and these 
would require careful thought before the survey could be commenced. 
Ambitious as the general scheme may appear, costly as it certainly would be, 
there seems little reason why a modest beginning at least should not be 
attempted. Were this to be no more than a decision to proceed with the 
survey when funds and workers are available, together with an endeavour to 
give students a broader and deeper training in ecology, a definite step forward 
would have been taken. In South, Central and East Africa we have great 
possessions presenting wonderful scientific and economic opportunities— and 
it is incumbent upon us to develop them for the general advancement of 
civilisation. The necessary basis is a dynamic ecological survey in which the 
spirit of co-operative team work is one of the inspiring forces. 


NOTICES OF PUBLICATIONS 
ON ANIMAL ECOLOGY 

By CHARLES ELTON. 

{Department of Zoology and Comparative Anatomy, 

University Museum, Oxford.) 

Note, The objects and scope of this system of abstracts are explained in 
This JoaRN. 16, p. 172 and p. 399, 1929. 

1. GENERAL PAPERS ON PARTICULAR GROUPS OF ANIMALS. 

Laidlaw, W„ B. R. ‘‘The Pine-cone Weevil {Pissodes validirostris) in Britain; 
with a brief Comparative Account of the Genus Pissodes,'" Scottish Nat. 
pp. 79-84. 1931. 

Womersley, H. “The Collembola of Ireland.” Proc. Royal Irish Acad. 
Section B, 39, pp. 160-202. 1930. 

An important paper, containing keys to all the genera and species, together with a 
number of general notes on habitats. 

Lowndes, A. G. “Some Rare and Little-known British Fresh- water Ostracods.” 
Rept. Marlborough College Nat. Hist. Sdc. 79 , pp. 82-112. 1930. 

Descriptions and records of species already known from the Continent, here recorded 
for England. A number of diagrams and some photographs. 

Phillips, R- A. and Watson, H. ''Milax gracilis (Leydig) in the British 
Isles.” Journ. Conchology, 19, pp. 65-93. 1930. 

A full description of the structure, habitat and habits of this slug both in Britain and 
Ireland, together with a table classifying the Limacidae, and coloured plates of Milax 
gracilis, M. sowerhii, and M. gagates var. plumbeus. 

2. ECOLOGICAL SURVEYS AND HABITAT NOTES. 

(a) Marine. 

See also Section 6 (Ellis, Steven). 

Wynne-Edwards, V. G. “Birds of the North Atlantic.” Discovery, 11, 
No. 131. 1930. 

A transect from England to Canada, showing the various zones of bird life which are 
similar on each side of the Atlantic. 

Russell, E. S. “The Vertical Distribution of Marine Macroplankton: 9. 
The Distribution of the Pelagic Young of Teleostean Fishes in the Day- 
time in the Plymouth Area.” Journ. Marine Biol. Ass. 16, pp. 639-676. 
1930. 

The various species have different levels of maximum abundance. These vary, however, 
with weather (e.g. probably higher in some species on dull days), time of day (some species 
tend to come higher at night), local abundance of plankton, and proximity to the coast. 
There is evidence that young of summer-spawning species tend to occur higher than the 
young of spring-spawning species. 
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Riisselly E. S. Seasonal Abundance and Distribution of the Pelagic 

Young of Teleostean Pishes caught in the Ring- trawl in Offshore Waters 
in the Plymouth Area.” Joum. Marine Biol Ass, 16, pp. 707-722. 1930, 

Lamberty F. J. '^Animal Life in the Marsh Ditches of the Thames Estuary.” 
Broc, Zool Boc. London, pp. 801-808. 1930. 

An interesting general account of the changes whicli accompany consolidation of land 
in estuaries, with special reference to the flora and fauna of the marsh ditches, for wdnch 
lists of inhabitants are given. There are also notes on some of tlie species, and on seasonal 
variation in habitat factors in the ditches. 

Orton, J. H. and Moore, H. B. “Occurrence of Protodrihis flavocapitatus 
at Port Erin.” Nature, pp. 780-781. 1931. 

A discussion of the habitat factors controlling the rather restricted habitat of this 
Archiannelid. ‘ 

Massy, A. L. Mollusca (Pelecypoda, Scaphopoda, Gastropoda, Opistho- 
branchia) of the Irish Atlantic Slope, 50-1500 fathoms.” Proc. Rayed 
Irish Acad. Section B, 39, pp. 232-342. 1930. 

A list of species, giving for each its world distribution, vertical range, fossil records, and 
new stations. There is an index to genera. 

Moore, H. B. and Neill, R. G. “An Instrument for Sampling Marine Muds.” 
JoMTO. if anwc BioZ. Mss. 16, pp. 589-594. 1930. 

(b) Fresh- WATER. 

See also Section 2 (c) (Lloyd. Praeger). 

Balfour-Browne, F. “The Aquatic Coleoptera of Caithness and Suther- 
land.” Scottish Nat. pp. 171-188. 1930. 

A detailed study of the distribution of certain species in the British Isles, and of their 
geographical variation, e.g. in the two species Derotiectes dupressm and D. elegans. 

Omer-Cooper, J. “Some Notes on Dytiscidae collected in Northumberland 
and Durham in 1930.” Yasculuni, 17, pp. 43-60. 1931. 

Useful habitat notes for Dytisoid beetles living in peat moss, running water, and fresh- 
water marah, ponds, and lakes, together with incidental notes on distribution, abiindauce 
and variation, m which references to other counties occur. 

Kevan D K. “Eeport on the Molluscan Fauna of Duddingston Sanctuary 
(with Supplement).” Scottish Nat. pp. 15-22 and 55-58. 1931. 

Lists of species from difierent areas, with a certain number of habitat notes. 

Brown, J. W. “A Contribution towards a Knowledge of the Presli-water 
Ehizopoda of the English Lake District.” Ann. and Maq of Nat Hist 

Ser. 10, 7, pp. 114-133. 1931. 

X together with a short discussion of habitats 

d lists of species restricted to sediment in lakes and tarns, to sphagnum, and to drier moss 

One gathering was from moss high up on Helvellyii. m ana to drier moss. 
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(c) Land. 

See also Section 1 (Phillips and Watson); Section 6 (Ellis). 

Lloyd Praeger^ R« ed. by. ''Report on Recent Additions to tlie Irish Fauna 
and Flora (Terrestrial and Fresh water).-’ Proc. Royal Irish Acad. Sci. 
Section B, 39, pp. 1--94. 1929. 

A compreliensive summary of the work done up to date, with full references to literature, 
and additional lists of some groups, full lists of others. Little ecological datca, but much of 
use for distribution study. A valuable list of Aphides by F. V. Theobald, containing full 
habitat and host-plant data. The tapeworm, Dibotlmoceplialus latus, is recorded rarely 
from human beings. 

Middleton y A. D. "A Contribution to the Biology of the Common Shrew, 
Sorex aransus Linnaeus.” Proc. ZooL Soc. London, pp. 133-143. 1931. 
Contains notes on habitats, food, day and night activity, enemies, sex ratio, reproduction, 
and seasonal age distributions of the population. 

Hibbert-Warey A. "Bird Life near Gilwell Park, Sewardstone.” Essex Nat. 
23, pp. 67-82. 1931. 

The lists of birds are grouped ecologically under buildings, small ponds, open spaces, 
woodland (high beech, and oak-hornbeam). 

Omer-Coopery J. "Some Notes on Dytiscidae collected in Northumberland 
and Durham in 1930.” Vascidtm,, 17, pp. 43-50. 1931. 

Useful habitat notes for Dytiscid beetles living in peat moss, running water, and fresh- 
water marsh, ponds, and lakes, together with incidental notes on distribution, abundance, 
and variation, in which references to other counties occur. 

LaidlaWy W. B. R. "Notes on Some Humble Bees and Wasps in Scotland: 2. 
The Social Wasps.” Scottish Nat. pp. 135-136. 1930. 

Notes on localities, dates of activity, and foods. 

LaidlaWy W. B. R. "Additional Notes on Humble Bees in Scotland.” 
Scottish Nat. pp. 23-24. 1931. 

Scattered notes on dates of activity and flowers visited. 

Fox Wilsosiy G. "Insect Pests of Hardy Rhododendrons', with Notes on 
Some Uncommon Damage.” Gardener^s Chronicle, March 28th, pp. 244- 
245. 1931. 

The damage referred to was done by a moth Batodes angustiorana, the weevils Olio- 
fhynclms sulcatiis and 0, picipes, and by the Hemipteran Dialeurodes cMttendeni. There is 
also a summarised list of twenty-two known pests of hardy Rhododendrons, giving their 
natural host plants in Surrey and the symptoms of their attack on Rhododendrons. 

Gamerony A. E. "Two Species of Anthomyid Diptera attacking Bracken and 
their Hymenopterous Parasites.” Scottish Nat. pp. 137-141. 1930. 
Bracken has been spreading on upland sheep pastures in recent years, and is also esta- 
blished as a pest in New Zealand. A summary of previous work on insects attacking bracken 
is given. The parasites of two are discussed: of Ghirosict c^'ctssiseta, a leaf -curler, and of C . 
parvicornis, a stem-miner. The former has an Ichneumonid and two Pteromalids, the latter a 
Braconid and a Cynipid. Both species were found to be heavily parasitised. 
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Bristowe, W. S. “The Spiders of the Island of Grassholm, and some Ad- 
ditions to the Skomer Island List (South Wales).” Proc. Zool Soe 
London, pp. 111-113. 1930. 

Habitats of the species are given. 

Bristowe, W. S. “A Contribution to the Knowledge of the Spider Fauna of 
South-west Ireland and, in particular, the Islands off the Coast.” Proc. 
Zool, Soe, London, pp. 17-29. 1930. 

Contains lists from different areas, together with biological observations, e.g. on habitats, 
aoronantie rfpeoies (in which Erigone denUpalpis and E. atm predominated), a list from 

sandhills, seaweed drift, and mud flats, etc, ' 

Aubertm, D. “The Natural History and Variation of the Pointed Snail 

Cochhcella acuta (Mull.)’’ Proc, Zool. Soe., pp. 1027--1065. 1930. 

curSfeTeSV' “‘‘ritime in its distribution in the British Isles, with several 

curious exceptions, at present iine.xplained. Thus it occur., inland in Ireland, and in one or 

nitumTc!!l " rf were made in order to determine the 

for evh coirf^ differences in certain characters of tho sheUs. Ecological notes are given 
01 each coUeetion, and include lists of other molluscs associated, lists of species of plants 

aLs bVf nlSr '’b-' t high rate of infestation in some 

conclude thlt XT ^/*®.^‘y“tion in colonies is fully discussed, and the authors 

3. ANIMAL BBHAVIOUE AND THE ACTION OF ENVIRONMENTAL 

FACTORS. 

See Section 7 on Numbers of Animals. 

Stenhouse, J.H. “Swift ™s Starling and Sparrow.” Scottish Nat. pp. 73 - 

Tatcr ®nd starlings often compete for nesting places on huildincrs 

needed on this phase of animal competition. 

Hart, T. J. Prehminary Notes on the Bionomics of the Amphipod Coro- 
jtUum volutator Pallas.” Joun. Marine Biol. Ass. 16, pp. 76^-789.’ mo 

stuiJ^tafmfdfmaMv Tn The presU 

soils aid stud! .fTl a 7 analysis of different 

fK* ’ ' • rnf etc. it IS concludocl that nature of soil is the limitin(y fief nr W 

t' of the Fresh-water Mollusca of the Parish of 

Aldcnham after Ten Years, with Special Reference to the Effect of 
Drought. Trans. Hertfordshire Nat. Hist. Soc. 19, pp. 1-25. 1930 . 
surveys were made in 1915-16, 1921, and 1925-26 ^ 4* 

.o,„ „ a„ „„ ^ by ...n J” ” a,I"):o;LS 
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tlieiiiy and of spotting species of water plants at different seasons, and a discussion of the 
relative importance of evaporation and percolation in the drying of ponds, together with 
notes on tlie periodic variations in these factors. 

Glapliamy P. A. '‘Observations on the Tropisms of Dorylaimus saprophilus 
and Ehabditis succaris'' Journ. Helminthology, 9, pp. 29-38. 1931. 

AtMnSy W. R. G. and Poole, H. H. “The Photo-chemical and Photo- 
electric Measurement of Submarine Illumination.” Journ. Marine Biol. 
Ass. 16, pp. 509-518, 1930. 

Discusses experiments to determine the different values shown by the iiranyl oxalate 
and the photo-electric methods. 

dioucrouB, N. “On the Hypothesis of Mitogenetic Radiation.” Journ. 
Marine Biol. Ass. 17, pp. 65-74. 1930. 

By ingenious experiments the author demonstrated that normal growth of the larvae 
of sea urchins {Paraceniraius Uvidus) was interfered with by placing below them cultures of 
Bactermm tumefacmis separated by quartz glass. The lower part of the apparatus was 
enclosed in paraffin. Controls were kept, but no detailed figures are given. The author con- 
tends that the experiments eliminated any possible “rays,” since he was able to prevent 
the effect by placing a hollow stopper filled with sea water instead of the normal glass one 
in the flask containing the larvae. x4gain no figures are given. 

4. PARASITES OF ANIMALS. 

See also Section 2 (c) (Lloyd Praeger). 

Main, H. “Further Notes on Methoca ichneumonides (Latr.).” Essex Nat. 
23, pp. 63-67. 1931. 

This is a parasite of the tiger beetle {Cicindela campestris). 

Sikes, E. K. “ Bairamlia fusdfes Waterston, a Chalcidoid Parasite on CW- 
tofliyllus Wichhami Baker (Siplionaptera).” Parasitology, 22, pp. 361- 
369. 1930. 

Laboratory observations on the development of this parasite of the American grey 
s(^nirrel flea, which occurred in. about 7 per cent, of the flea cocoons in a nest from Herrard s 
Cross, Bucks. A first attempt to parasitise cocoons of the Indian flea Xenopsylla ostia failed. 

Slater, H. “ Aphaiiiptera (Siphonapfcera).” Proc. Somersetshire Arch, and 
Nat. Hist. Soc. for 1929, p. liii. 1930. 

Records three specimens of the fxsa, Iachnopaylla elongalus from the greater horseshoe bat 
{Ntjclalua noctua); also I. simplex (supposed to be found only on Natterer’s bat, Myotis 
Natleri) from the greater horseshoe bat and the whiskered bat, Myotis myataciivus. 

Oldkam, J. N. “On tire Infestation of Elm Bark-beetles (Scolytidae) by a 
Nematode Parasitylenchus scolyti n.S]).” Journ. Helminthology, 8, pp. 
239-248. 1930. 

The recent spread of the elm disease caused by the fungus GrapUum ulmi in England 
has been accompanied by an increase in certain bark beetles (probably both as cause and 
effect). These species, Scolytus destructor and S. multistricUus, were found in one area to be 
heavily infested with nematodes, which occurred in about 6^ per cent, of specimens, and 
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whicli in neariy 40 per cent, of specimens liad caused parasitic castration of botli sexes of 
both species of beetle. There were also numbers of free-living nematode worms, GyUndm-- 
gaster ulmi, on the outside of the beetles, in this way effecting dispersal. It is suggested 
that nematodes may be an effective check on increase of the beetles, and therefore to some 
extent of the elm disease fungus. 

Oldham, J. N. “On the Arthropod Intermediate Hosts of Hymenolepis 
(Rudolphi 1819).” Journ. Helminthology, 9, 'p'g. 21 - 2 %. 1931 

This tapeworm occurs in the intestine of rats and other rodents and rarely in man. A 
complete list of the twenty-three species of arthropod hosts is given (including Myriapoda 
coctoaches, an earwig, moths, fleas, and beetles). The fleas otthe American grey squirrel 
in hngland were successfully infected with the eggs of this tapeworm. 

Morgan, D. O. “On the Occurrence of Hepaticoh, hepatica as a Natural 
Infection of the Wild Rabbit in England.” Journ. Helmintholoqy 9 
pp. 39-40. 1931. ’ 

One rabbit found to have liver diseased \vith this worm. No locality or date given. 

BayHs, H. A. “Gammarus as an Intermediate Host for Trout Parasites ” 
Ann. and Mag. of Nat. Hist. Ser. 10, 7, pp. 431-436. 1931. 

One hundred Gammarus from the River Test were examined for the larva of the cestode 
Oyaihocepludus trmcatus which had been found in trout from the same river. No specimens 
of tlus parasite were found, but three other larval worms occurred: Crepidosiomum farionis, 
Cystimcola ? janonis^ and Distomum cLgoniios, 

Ray, H. N. “Studies on Some Sporozoa in Polychaete Worms: 1. Gregarines 
of the Genus Nefemdwm.” Parasitology, 22, 'pp. ‘i70-‘3d8. 1930. 

Polychaete worms at Plymouth have abundant Protozoan (and especially Sporozoan 
imn3,),e.g. &colekpisfuligimsa had seven Protozoan parasites (five Sporozoa, a Ciliate 
and a Rinoflagellate). . ’ 

5. PLANT-GALLS. 

Hurst, C. P. “Plant GaUs.” Rept. Marlborough College Nat. Hist. Soc 79 
p. 124. 1930. ■ ’ 

Dipterous species from &'alix purpurea and Polygonum vivipamm. 

Dallman, A. A. “Galling of SaUx herbacea L.” North Western Nat. 5, p. 
185. 1930. ’ ^ 

Abundant on Salix on Carnedd Bafydd in :N'ortb Waies at 3000-3200 feet. 

Graham, R “GalHng of Salix herbacea L. in Lakeland.” North Western Nat 
o, p. 249. 1930. 

Record from the High Street range. 

^°Tpp'^i99-M0^l930 (Steinbuch 1799).” Journ. Helminthology, 

Agrosiis stohnifem, one of several species of vrass 
p^asitised by this roimdworm. Also a comparison with the allied species wM 1000^ on 
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Ingram^ G. G. S. “Redstarts Feeding upon Elderberries.” British Birds^ 24, 
p. 127. 1930. 

Lewis, S. ''Crossbills eating Apples.” British Birds, 24, pp. 125-126. 1930. 

All editorial note adds that there was a great invasion of certain French departments 
by crossbills in 1930, and that destruction was done by them in apple orchards. In early 
years the crossbill used to eat apples commonly in England, but has changed its feeding 
habits so that there are no such records since 1869. This may be comieoted with the great 
increase in conifers in this country, providing the normal crossbill diet. See also note 
in British Birds, 24, p. 189, on crossbill eating crab-apples in Ireland. 

Steven, G. A. "Bottom Fauna and the Food of Fishes.” Journ. Marine 
Biol Ass. 16, pp. 677-700. 1930. 

The bottom fauna of about thirteen square miles off Plymouth was investigated for 
one year by means of periodic hauls at fifteen stations using both the Petersen grab and 
the Agassiz trawl. These were correlated with stomach examinations of 2000 fish belonging 
to twenty-nine species from the same area. The results, and also the feeding habits of the 
fish are described in detail. It is pointed out that the continuous carnivorous feeding of 
many fish from an early age complicates their food relationships very much in comparison 
with land mammalian carnivores which are looked after by their parents during early life. 
Some evidence of seasonal migration in certain Crustacea on the bottom was noted. 

Paterson, N. F, "Studies on the Chrysomelidae : Part 1. The Bionomics, 
and Morphology of the Early Stages of Paraphaedon tumididus Germ 
(Coleoptera, Phytophaga, ChrysomeUdae).” Proc. Zool Soc. London, 
pp. 627-676. 1930. 

The larvae feed gregariously on the leaves of A.nthriscus sylveslf is, Heraclewn sphondy- 
1mm, and H. satvmm, sometimes causing considerable damage to the plants. There are 
occasional records of injury to cultivated plants which show that the species is a potential 
pest. Experiments of transferrmg adults and larvae to jaear, apple, mustard, and potato, 
resulted in refusal of the beetles to eat these plants. 

Boycott, A. E« and Oldham, G. " On the feeding habits of Geomalcus maculo- 
susP Journ. Conchologp,i9, p. 36. 1930. 

This species was studied in Cork, where it was living on rocks covered with lichens and 
mosses. In one place the slugs had been eating mainly Parmdia perlata and EhacomMrium, 
in another area Pertusaria areolata and Bacidia umhrina. The authors conclude that food 
is varied and does not form a limiting factor to the distribution of this Lusitaman 


6. FOOD-HABITS. 

See also Section 7 (Middleton), 

Ellis, A. E« "Mollusca on Gateholm.” Journ. Conchology, 19, pp. 61-62. 
1930. 

Notes on occurrence and habitats of land and intertidal molluscs on this island, which 
is off Pembrokeshire. The vertical range of Littorina rudis on the shore is very great. Rats 
devour large numbers of molluscs on the island; mainly Oepaea, limpets, and mussels. Other 
species are also eaten, together with shore crabs, Carmms momas. 


species. 
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7. THE NUMBERS ON ANIMALS. 

See also Section 4 (Oldliam). 

Middleton, A. D. ''Tiie Ecology of the American Grey Squirrel {Sciurus 
carolinensis Gmelin) in* the British Ides.” Proc. ZooL Soc. London, 
pp. 809-843. im 

A comprehensive study of this introduced species, based on a large-scale enquiry from 
observers in different parts of the country, and on personal investigations. Thirty-three 
different centres of introduction are noted between the years 1889 and 1929. Over 13,000 
square miles are already occupied. The study of inter-relations between red and grey 
squirrels is complicated by the existence of large liatmal fluctuations in the red squirrels, 
associated with outbreaks of disease. It is concluded that the grey squirrel may be a factor 
in preventing return of the red after periods of scarcity, but has not been responsible for 
its widespread decrease. A number of notes on food, enemies, breeding, habitats, etc,, 
are included, together with four maps showing distribution at the time of writing. 

Munro, T. M. ‘'Musquash in Scotland.” Scottish Nat. pp. 65-70. 1931. 

Five individuals of this rodent were introduced from Canada into Central Europe in 
1905. It is now ranked as one of the major pests of that region. In one year, about 1926, 
33,000 were killed in Bavaria alone, and the present muskrat population of Central Europe 
is estimated at somewhere about a hundred million. The muskrat causes very serious and 
costly damage by burrowing into dams and banks of reservoirs, canals, etc. In 1927 it was 
introduced by fur farmers into Scotland. About ten animals escaped in that year. The 
muskrat is now firmly established wild in three areas, and. appears to be fiourishing. 

a 

Harrisson, T. H. and Hollom, P. A. D. “Great Crested Grebe Inquiry 
(1931).” Scottish Nat. pp. 41-43. 1931. 

An appeal for help in Scotland for the extensive investigation which is being sponsored 
by British Birds. The object is to carry out a census of the grebe populations in different 
parts of Great Britain, with special relation to their ecology and the reasons for their recent 
increase in numbers and range. Observers are asked to communicate with T. H. Harrisson, 
Pembroke College, Cambridge. 


Blathwayt, F. L. and Tucker, B. W. “Report on Somerset Birds, 1929.” 
lUh Report of Ornithological Section of Somersetshire Arch, and Nat. Hist. 
Soc. 1930. 

Continuation of observations of the type mentioned in the last abstract, together with 
special observation on distribution and numbers, etc., of a number of ducks, and of 
goosander, merganser, and si^ew. 


Blathwayt, F. L. and Tucker, B. W. “Report on Somerset Birds, 1928.” 

Ibth Report of Ornithological Section of Somersetshire Arch, and Nat. Hist. 

Soc. 1929. 

Contains numerous notes, impossible to summarise, concerned with occurrence, migra- 
tion, breeding, etc. The following seven species were selected for more special observations 
on numbers, etc. : siskin, mistle thrush, sand martin, tawny owl, barn owl, long-eared owl, 
short-eared owl, little owl, and lapwing. 
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Tucker, B. W, ''The Heron (Ardea cinerea) in Somerset: Part 1. The Breed- 
ing Places of the Heron in Somerset.’’ Proc. Somersetshire Arch, and Nat. 
Hist Soc.for 1929, pp. 61-90. 1930. 

An important and accurate account of the heronries, for each of which the number 
of nests in 1929 is given, together with all available previous records, and a great deal of 
valuable data concerning the circumstances of increase and decrease. 

M’Gon.acMe, W. "Reappearance of the Goldfinch in the Eastern Borders.” 
Scottish Nat pp. 3-6. 1931. 

The goldfinch had decreased greatly at the end of the last century, probably owing to 
persecution by bird-catchers. It has been greatly increasing during recent years, since the 
introduction of the Wild Birds Protection Act. A further note is given on p. 40, 1931. 

Adkin, R. " On the Occasional Extensions of Territory by the Brown-tailed 
Moth, Nygmia phaeorrhoea, and its Ultimate Collapse.” Proc. South 
London Ent and Nat Hist. Soc.for 1929-30, pp. 7-11. 1930. 

This species normally occurs in colonies in rather restricted areas, but occasionally 
during the last himdred years has greatly increased and spread in certain years. This in- 
crease is followed by sudden disappearance. The author believes this is due to outbreaks of 
disease, but no direct evidence was obtained. 


Fergusson, A. Phyllodrepoidea crenata, Grav., in East Inverness and East 
Perth.” Scottish Nat p. 36. 1931. 

This bark beetle is spreading southwards and northwards. 


8. MIGRATION AND DISPERSAL. 

See also Section 6 (Lewis). 

Witkerby, H. F. " Ospreys in Great Britain.” British Birds, 24, pp. 163-165, 
and 192-193 (1930), and p. 221 (1931). 

There was an unusual immigration in the autumn of 1930. 

Witherby, H. F. "Immigration of Crossbills in 1930.” British Birds, 24, 
pp. 155-156 (1930), and p. 220 (1931). 

Also notes on crossbills breeding in Surrey, British Birds, p. 156, 1930. 

Forrest, H. E. "Crossbills in Shropshire.” North Western Nat 5, pp. 247- 
248, 1930. 

Reid, T. "Crossbills at Selkirk.” Scottish Nat. p. 134, 1930. 

Further notes by other observers of crossbills in Scotland are given on pp. 134 and 170, 
1930, and pp. 26, 46, 1931. 

Fox Wilson, G. "Insects associated with the Seeds of Garden Plants.” 
Contr. from the Wisley Laboratory: J. Royal Hortic. Soc. 66, pp. 31-47. 
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Daltry, H. W. “Entomology.” Trans, and Ann. Rept. North Staffords. Field 
CM, 63, p. 124. 1929. 

1928 was a great year of butterfly and motb immigration from the Continent. A number 

of notes on different species. 

Anon (Editorial). “The Convolvulus Hawk-moth in Scotland.” Scottish 
Nat. pp. 129-132. 1930. 

A summary of notes received from a number of observers on the appearance of this 
Continental migrant in Scotland in 1930. Further notes given on pp. 24 and 64, 1931. 
Similar notes from Ireland are given in Irish Nat. Journ. 3, pp. 133 (19301 and on 

156-157(1931). V vir' V /, lu pp. 

Palmer, R. “Dragonflies observed in Hertfordshire.” Trans. Hertfordshire 
Nat. Hist. Soc. 19, pp. 48-50. 1930. 

^ ^ Contains mainly records of occurrence in different localities. Sympetrumflaveolmn, which 
IS an immigrant from the Continent in certain years, was seen in 1926 in Hertfordshire, and 
also in other parts of the coimtry. 

Rerrill, N, J, On the Occurrence and Habits of the Siphonophore Stephano- 
mia bijuga (Delle Chiaje).” Journ. Marine Biol. Ass. 16, pp. 753-755. 1930. 

Records the appearance of this species (very rare in the Enghsh Channel) in large 
numbers in Salcombe Estuary in May, 1929. Its habits were watched in the aquarium. 



Supplement VII 

BRITISH EMPIRE VEGETATION ABSTRACTS: 

TITLES AND ABSTRACTS OF PUBLICATIONS ON THE 
VEGETATION AND ECOLOGY OP THE OVERSEAS 
EMPIRE AND ON RELATED TOPICS 

(1) CANADA (Collaborator, J. E. Dandy) 

369. Louis-Marie, Father. Genus Trisetum in America.” Rhodora, 

30, pp. 209-223, 237-245. 1928-29. (1.102.) 

Tills is a brief account of a more comprehensive work which the author intends to publish 
as a Contribution from the Dept, of Botany of the University of Montreal. An analytical 
key to the subgenera, sections, and subsections is provided, followed by an enumeration 
of the species in their groups. New species, varieties, and forms are described, and many 
new names and combinations are proposed, 

370. Setchell, W. A. Morphological and Phenological Notes on Zostem 
''marina L.” Univ. Calif, Puhl, Bot, 14, pp. 389-452, Figs. 1-59. 1929. 

(L 103.) 

In this paper the author gives a well-illustrated account of the taxonomy, morphology 
and development, and phenology of Zostera marina. The species is distributed along the 
Atlantic coast of North America from western Greenland to Beaufort, North Carolina; and 
along the Pacific coast, chiefly in the form of var. latifolia, from Unalaska Bay to San Diego, 
California, with some indication of extension to Guadalupe Island and Magdalena Bay in 
Mexico. A smwey of the distribution and phenology of the species on the coasts of Europe 
from the Mediterranean to the White Sea shows early reproductive season in the south, 
becoming later and later in the localities north, a similar condition to that noted in the 
behaviour along the Atlantic coast of North America. The main variations within the species 
are vars. angustifolia, typica, stenophylla^ and latifoUa. Of these the first is not discussed, 
for lack of experience. The second and third may be edaphio variants, while the fourth may 
possibly be an ecad in the reversible sense of Clements, or possibly a fixed ecotype in the 
sense of Turesson, . 

371 » Watson, E. E. “ Contributions to a Monograph of the Genus HelianthusJ ’ 
Paj}. lScL 9, pp. 305-476^ 1929. (1.104.) 

A systematic account of the genus Hdianihus, with an artificial key to the species and 
a detailed enumeration of them. The number of species recognised is 108, of which several 
occur in Canada as wild or naturalised plants. 

372. Smithy H. I. ''Materia Medica of the Bella Coola and Neighbouring 
Tribes of British Columlbia.” Nation, Mus, Can, Bidl, 56, pp. 47-68. 
1929. (1. 105.) 

This article describes the materia medica of four tribes of British Columbia, namely the 
Bela Coola of Bella Coola valley, the Gitksan of Skeena River, the Carrier who live in the 
territory behind both of these tribes, and the Sikani of the headwaters of Peace River. 
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373« Momsley, H. ‘‘Notes on the Birds, Orcliids, Ferns and Butterflies of 
the Province of Quebec, 1928.” Can, Field-NaturaMst, 4f3, pp. 93-99 
1929. (1. 106.) 

374. Groli, H. “Gumweed (Grindelia squarrosa (Pursh) Dunal) in Ontario.” 

Can, Field-Nattimlist, 1929. (1.107.) 

A short account of the occurrence and history of Grindelia squarrosa in eastern Canada. 
No records whatever are at hand from any point east of the neighbourhood of Ottawa, 
Ontario. The species appears to have been first recorded in Ontario in 1891, from a locality 
near Ottawa. It has now been fotmd in at least twenty-t\fo counties thi’oughout Old 
Ontario, and westwards to the Manitoba boundary where it begins to be indigenous. See 
Abstract 313. 

Another western Composite, Madia glomerata, ib recorded from Trois Pistoles, Temis» 
couata Co., Quebec, where it was said to be growing in a hay-field and was regarded as 
being weedy and established. 

375. Groh,H. “Western Ragweed Eartlier East.” Can. Field-Naturalist 
p. 137. 1929. (1. 108.) 

The author records Ambrosia paihstachya from rubbish-heaps at Harrington Harbour, 
Saguenay Co., Quebec, which may safely be regarded as the easternmost record for the 
continent. A small colony was also noted growing near farm- buildings at South Berwick 
Nova Scotia. See Abstract 219. 

376. Fairbaim, H. W. “The Distribution of the Basswood at Parry Sound, 
Ontario.” Caw. EieZd-iVatorofe, 43, pp. 188-189. 1929, (1. 109.) 

During geological work near Parry Sound a field-relation involving TiUa amerieam 
(basswood) and crystalhne limestone was discovered. Both the basswood and the limestone 
are sufficiently uncommon in the district to be worthy of note, and it was noticed that 
basswoods were commonly present near the limestone formations. Close scrutiny showed 
a basswood found at any distance from an outcrop of limestone. Practical 
use of this relationship was made in tracing limestone formations in bumed-over country 
the basswood growmg in smaU clumps and being easUy separated at a distance, through ite 

conspicuous fohage, from the other second-growth trees. 

Dynamisme dans la Elore du Quebec.” 
Co7itnb.^ Lab. Bot. Vmv. MontrSal, 13, pp. 1-89, Eigs. 1-42. 1929. (1. 110.) 

havt influenced by the dynamic forces which 

me utog the forces of evolution and of elimination; and secondly the extrinsic influences 
which are due particularly to the intelligent activity of man. mAuenoes, 

378. l^ie-Vh^orto, Mre. “1«, Liliiflore, du QuSbec.” Gmtnb. M,. 
Bot. Umv. Montreal, 14, pp. 1-202, Figs. 1-75. 1929. (1. Ill ) 

beint tt represented 
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379- Marie-Victoriiiy Frere. ^‘Additions aiix Cyperacees de TAraerique du 

Nord.” Trans. Roy. Soc. Gan. Ser. iii, 23, Sect, v, pp. 253-268, Figs. 1-8, 
Plates 1-2 {Gontrib. Lab. Bot. TJniv. Montreal, 15, pp. 253-268, Figs. 1-8, 
Plates 1-2). 1929. (1. 112.) 

Scirpws alpinua is reported from the Mingan Archipelago and from Anticosti Island. 

Garex vesicaria var. Grahamii is recorded from Anticosti Island; this is an addition to the 
American flora. A .new variety, O, Oederi var. Bousseauiana, is described from Quebec; 
it is an estuarine phase of G. OedenV and is one of the plants which characterise the fresh- 
water tidal shores of the St Lawi’ence. O. disticha and C. nutans, two Old World species, 
are reported as established, together in the Bouchervflle Islands, in the St Lawrence near 
Montreal. A new viviparous form, Scirpus atrovirens var. georgianus f . vivipams, is described 
from localities in the vicinity of Montreal. The paper is in French. 

380- HutcMiison, A. H.y LucaSy-G. G., and McPhail, M. ''Seasonal Va.ria- 
tions in tlie Chemical and Physical Properties of the Waters of the Strait 
of Georgia in Eelation to Phytoplankton.’’ Trans. Roy. Soc. Can. Ser. iii, 
23, Sect. V, pp. 177-187, Plates 1-2. 1929. (1. 113.) 

This paper is an account of determinations of temperatures, salinities, and phyto- 
plankton extending over a period of nearly 3 years, and determinations of silica, phosphates, 
and oxygen during two summers and one winter, at a number of stations in the Strait of 
Georgia (British Columbia), particularly at the so-called Station 1, which is situated on a 
line between Nanaimo and Seechelt, approximately 10 miles from the former and 30 miles 
north-west of the Fraser River mouth. Records continued over 3 years demonstrate that 
there are seasonal fluctuations in the Strait of Georgia as follow: 

(1) A surface temperature change ranging from 1° C. to 22° C. ; at 100 yards the seasonal 
variation is 3-5° C. only; at 'the surface a temperature above 17° C. is maintained over a 
considerable period of the summer. A stable epithalassa is formed in the summer, and 
vertical mixing takes place during the winter. The changes, both of decrease and increase 
in temperature, lag in time in proportion to the depth. 

(2) There is a marked lowering of the surface salinity even at a distance of 30 miles 
from the Fraser River mouth, the value of 8*5 gm. halide per 1. being recorded for the 
summer; at the same place in the winter the value is 15*0 gm. per 1. At greater depths the 
variation is proportionately less and the changes lag in point of time. 

(3) There is the greatest variation in pH at the surface; in winter 8*0 and in summer 8*8 
approximates the limits of variability. High pH is associated with abundant phytoplankton 
and low salinity of the summer months, and the reverse is the case in the winter, . 

(4) There are definite seasonal fluctuations in both the quantity of phjdioplankton and 
the genera represented. 

(5) The phosphate and silicate values are much higher than obtain in the open sea. 
Diatoms decrease the amount of silica (but not to the point where they limit their own 
growth in these waters) since the greatest numbers of diatoms are associated with the lowest 
phosphate and silicate values. The Fraser River contributes silica and phosphates which 
are conserved within the basin of the Strait of Georgia. 

381. Ormerod, M. J. and White, F. D. “A Preliminary Pharmacological 
Investigation of Extracts of Certain Western Canadian Plants.” Trans. 
Roy. Soc. Gan. Ser. iii, 23, Sect, v, pp. 189—194. 1929. (1. 114.) 

Extracts of various -western Canadian plants have been shown to possess definite pharma- 
oolosioal aoti-vity, Oal&a palustris, Cypripedium parviflon^m, Bhus glabra, and Aralia 
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n'udica'ulis being the most potent. In this investigation the plants studied were: A, mndimuUs 
(root), CaltJm palustris (stem), Cypripedium parviflorum (stem), Orchis rotundifoUa (leaves 
and stem combined), Padus virginiana (mesocarp), Pulsatilla patens (flowers and stem 
combined), and B, glabra (root). 

382- Bis%, G. R., Bnller, A. H. R., and Dearness, J. The Fungi of 
Manitoba, pp. i-xii + 1-194, Fig. 1. 1929. (1. 115.) 

In this book an attempt has been made to give a complete census of the known fungi 
of Manitoba. Following a preface by E. J. Butler and a map showing the Floral Zones of 
Manitoba, the work is divided into nineteen sections, as follow: I. Introduction; II. The 
Natural Features of Manitoba; III. Geographical Distribution;IV. The Fungi of Pmticular 
Areas; V. Immigration and Ecology; VI. Coprophilous Fungi; VII. New Species (thirty- 
four new species and two new varieties are described in the book); VIII. Rare Species; 
IX. Fungi Apparently Absent; X. Estimates of the Total Number of Species of Fungi in’ 
Manitoba ; XI. Statistical Summary; XII. History of Observations on the Fungi of Mamtoba ; 

XIII. The Groups of Fungi and Acknowledgments for Assistance in Determimng Species; 

XIV. List of Species (including a separate list, by A. M. Davidson, of the fungi on man and 
higher animals observed at Winnipeg) ; XV. The Lichens of Manitoba (by Kirk Scott Wright) ; 
XVI Index of Hosts or Substrata of Caulicolous and Lignicoious Fungi; XVII. Host Index 
of Parasitic Fungi; XVIII. Bibliography; XIX. Index of Classes, Orders, Families^ and 
Genera. 

383. Brown, Margaret S. “Bryoptytes of Nova Scotia. Additional List.” 
The Bryologist, 32, 50-56. 1929. (1.116.) 

A list of 128 species of Bryophyta, collected — all but three — on the mainland of Nova 
Scotia. Of these species forty-two are new to the province; tjie remaining eighty-six have 
already been reported from Cape Breton Island, but not from the m ainlaurl The 
bring the total number of species up to 449, i.e. 117 hepatics and 332 mosses. 

384. MacFadden, F. A. “Britisi. Columbia the Bryologist’s Paradise.” 
The Bryologist, 32, pp. 56-61. 1929. (1.117.) 

An account of a tour in British Columbia, irith special reference to some of the brvonhvtes 
encountered. j f j 

385. Dupret, H. “ Three .BrocAyi/iecta Hard to Separate from One Another.” 
The Bryologist, 32, pp.lB-H, Big. 1 . 1929. (1.118.) 

M iUustrated note on the differential characters of Brachytheciiim, nvtdare, B. mtahulum, 

and These three mosses all occur in Canada. 

386. Moxley,E.A. “Mosses of the Bruce Peninsula, Ontario.” TheBn/olooist 

32, p. 84. 1929. (1. 119.) J 

40 ^ published by the same author in Can. Fidd-Naturcdist, 

4:2, pp. 194-201 (1928). See Abstract 253. 

387. MacFadden, F. A. “Easter Week at Halcyon Hot Springs, Britisb 
toiumbaa. The Bryolog^st, 32^ pp. lOO^lOi. 1929. (1.120.) 

d«ing a week’s stay at Halcyon Hot 
Springs, British Columbia, with a list of the species of mosses collected. 



Supplement to The Journal of Ecology Suppt lor 

-388. Dowding, Eleanor S. “The Vegetation of- Alberta. Ill The Sandliill 
Aiea,iS of Central Alberta with Particular Reference to the Ecology of 
ATceuthobinm of Ecology, 17, pp. 82-105, 

Mxups 1-2, Figs. 1--3, Plates 8-13. 1929. ( 1 . 121 .) 

riie large areas of sand-liills found in some regions of Alberta provoked interest by reason 
of the sharp contrast of their flora with that of the rest of the province. The tah pines on the 
siiinmits of tlie sand-hills stood out in marked relief against the poplar- woods of the lower 
plain, and a closer investigation showed that the whole vegetation was q^uite distinct from 
that of the parkland. Moreover, the sand-hills themselves presented abrupt transitions from 
one association to another, snch marked changes being chiefly due to differences in water- 
content and aspect. These sand-hills merited further attention because of the abundance of 
.ATceutlhobium a/mericamiM (Jack Pine Mistletoe), which was revealed by the strange de- 
formities known as Witches’ Brooms on the trees, giving them a weird tufted outline. The 
large amount of fresh material of the mistletoe available to the laboratories of the University 
of Alberta* seemed to offer an exceptional opportunity for an investigation of the biology 
and ecology of this parasite. Further, the desire to give a comprehensive account of sand- 
hill vegetation naturally led to the investigation of wind-deposited as weE as water-deposited 
sand-areas, although the former are outside the limit of distribution of Pimis Banksiana 
and hence of A, amenccmum,. 

For the investigation of the wind-deposited sand-areas an examination was made of 
the area. of sand-diiiies which is situated at the north-eastern end of Brule Lake. An investi- 
gation was carried out of the plants responsible for dime-formation and for dune- stabilisation. 
The efiect of sand-deposition on the forests of the Brule vaEey was also observed. 

Of the water- deposited sand-hills of Alberta the ones that were studied in greatest detail 
were those lying within a hundred-nnle radius to the north of Edmonton. The different 
associations Imre arising in response to differences in water- content of the sand were recorded 
and described. These sand-hills w^ere compared with those further west of which the vegeta- 
tion showed further stages of development. 

It was found that the mistletoe flourished to its greatest extent on the dry hill- summits, 
this being the result of its natural preference for a dry locaEty with maximum exposure to 
the sun. Also any spread to the more mesophytic associations was checked by the frequent 
fires on the fiats and by the presence of a mistletoe-disease which flourished in the damper 
areas. 

The spread of the Afoeuthohkim is surprisingly slow although its seeds may travel as 
far as 11 yards on being expelled. This may be explained by the natural resistance of the host. 

In describing the effect of the parasite on the pine-branches it was noted, among other 
things, that the female plant has a more marked effect than the male, and also that infected 
pine- branches retain their leaves several years longer than is normal. 

In examining numbers of trees no definite correlation was found between the degree 
of infection and the rate of growth of the wood except in cases of very severe infection. 

The aerial part of the mistletoe in tliis locaEty is perennial, producing several crops of 
flowers. The flowers are pollmated in May, and the fruits so formed remain on the plant for 
two summers, exploding in September of the second summer. The seeds germinate on the 
pin.e-bark during June of the third summer. 

389. Harslibergery J. W. “The Vegetation of the Screes, or Talus Slopes 
of Western North America.’’ Proc, Amer, Phil. Soc. 68, pp. 13-25, Figs. 1-7. 
1929.'. ^(l. 122.) 

The author presents this paper as an introduction to the ecological investigation of 
American rock and scree plants. His account is based on the personal collections and observa- 
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Suppt 108 British Empire Vegetation Abstracts 


(2) SOUTH AFRICA (Collabobatoe, A. W. ExBii) 

’. 393. Marloth, R. “Eemarks on tte Realm of tlie Cape Flora.” S. Afr. 
Jouni. Sci. 26, pp. 164-169. 1929. (2. 79.) 

The Cape Flora is discussed under the following headings : I. The historical development 
of views on the dentation of the region. H. The geological evidence available concerning 

e sou western ora. III. The causes that have brought about the present composition 

of the vegetation. jr r 

7 records of angiospermous plants in South Africa, Stangeria, Encepha- 

arim mA Podomrpw or WiMringtonia being the only genera of flowering plants repre- 
sented m the Uitenhage beds. Hence theories must be based on the present distribution 
of plants m the southern hemisphere and the floral elements of the south-western region 
may be rougmy arranpd m three groups, namely: (1) the old Cape element, the remains of 
a former much more widely distributed southern, perhaps partly antarctic, flora; (2) elements 


tions made by himself in Glacier National Park (Montana), on the upper slopes of Mount 
Bainier ( Washington), and on the Canadian Rocky Mountains. Supplementary observations 
are made on several plants collected on Alta Peak at 11,000 feet in the Sierra Nevada 
mountains of California. A list is given of the plants collected in these five regions, and this 
is followed by notes, on the growth-forms of the seree plants of western North America, 
illustrated by photographs. The paper .includes also a summary of European investigations 
on scree plants. 

390. St Jolin, H. ‘‘Calluna vulgaris, Sb Eecent Adventive on Sable Island, 
Nova Scotia.’’ Journ, of BoL 67, pp. 306-307. 1929. (1. 123.) 

In this note, discussing the occurrence of Calluna vulgaris on Sable Island (Nova Scotia), 
the author disposes of an erroneous suggestion that the species was collected on the island 
by John Macoxin in 1899. There seems little doubt that the heather is a recent adventive 
on Sable Island. It was first gathered there in 1911, by H. T. Giissow, and is now well 
established. The plant sprang up near trees which were imported from a French nursery, 
soon after their planting in 1901, and in all probability was used for, or carried in, the 
protective packing round the trees. 

391. : Mackenzie, k. K. ‘‘^Some J uncus names.” Bull Torr. Bot, Chh 56, 
pp. 25-32. 1929. (1. 124.) 

The author discusses the nomenclature of some North American species of J uncus. He 
considers that the name J . bicomis should be used for the common rush generally known 
as J, tenuis; the name J, tenuis rightfully belongs to a United States species, usually called 
J. dicliot 07 rms. Further, he shows that the name J . canadensis should be applied to the species 
commonly known as J. hrevicaudatus (or J, coarctaius), and for the plant which has been 
treated as J, canadensis proposes the new combination J, longicatidutus (based on J. cmiadmsis 
var. longicaudatus), 

392. Svenson, H. K. ‘ Contributions from tbe Gray Herbarium of Harvard 
University No. LXXXVI. Monographic Studies in the Genus .Eleociians.” 
Rhodora, 31, pp. 121-135, 162-163, 167-191, 199-219, 224-242, Plates 
188-191, 1929. (1. 125.) 

^ A paper dealing with the taxonomy and geographical distribution of the genus Ekocharis. 
Several of the series are treated in detail, with keys to the species. New species, varieties, 

and forma are proposed, and new combinations made. A number of Canadian species are 

concerned. 
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belonging to tlie old African flora still predominant in other parts of South and Tropical 
Africa; (3) post-Tertiary immigrants from the northern hemisphere. Examples of the three 
groups are given: the 'first-named group is much the largest. 

The causes of the riclmess of the endemic flora are said to be: (1) the great diversity of 
topographical and physiographic features, and (2) the climatic conditions, past and present, 
which have produced a so-called “physiological isolation.” 

394a Gompton.y R« H. '‘^The Flora of tlie Karroo.’’ S. Afr, Journ, Sci. 26, 
pp. 160-165. 1929. (2. 80.) 

The Karroo is encircled by floras of two main types — ^the Korthern, linked directly with 
that of Central Africa, and t^ie Southern or Cape flora. The elements of the Karroo flora are 
selected from these two types and are not related to those of other desert regions in North 
Africa or Australia. The two factors which the vegetation must necessarily be able to with- 
stand are aridity and grazing, both of which act by destroying the aerial portions of the 
plants. The principal Karroo adaptations are thus succulence, geophily, regeneration, un- 
palatabihty, possibly disguise, and what may be called resurrectionism. Examples of these 
are given and it is shown how members of various families have contributed to the flora. 

A comparison is m.ade with other desert and semi-desert areas. 

395. PMllips, E„ P. ''A Brief Sketch of the Flora of the Environs of Pre- 
toria.” S, Afr, Joimi. Sci. 26, pp. 184-189. 1929. (2. 81.) 

The dicotyledonous vegetation of the neighbourhood of Pretoria is analysed in various 
ways and its affinities discussed. The general relationship is said to be with the Kalahari 
flora, the chief difference being in the greater percentage of Rubiaceae, Euphorbiaceae and 
Anacardiaceae. The flora differs considerably from that of the eastern mountain region,, 
particularly in the dominance of such important tropical families as Rubiaceae, Euphor- 
biaceae and Acanthaceae, and the much higher percentage of Leguminosae is also significant. 
Isolated species from the mountainous region of eastern Transvaal are found on the banks 
of streams. 

39G. Vedoora, Inez G. Notes on the Vegetation of the Fountains Valley, 
Pretoria.” S. Afr. Joiim, Sei. 26, pp. 190-194. 1929. (2. 82.) 

Fomitains Valley is a deep, well- wooded valley which cuts the range of hills to the south 
of Pretoria. The vegetation was examined at different seasons of the year and lists of species 
in flower during different months are given. 

397. Ronxy E. R. /‘Observations on Marsilia macrocarpa PresL” 8. Afr, 

Joi<ra. iSfci. 26, pp. 311-317, Text-figs. 1-9. 1929. (2.83.) ^ 

The various growth-forms of M. macrocarpaf the only species of the genus found ia South 
Africa, are described. 

398. van der Byl, P. A. “Descriptions of some previously unnamed South 

African Fungi, V.” 8. Afr. Journ. Sd. 26, pp. 318-319. 1929. (2. 84.) 

New species of Thyriopsis, Phylhslicta, Coryneum, Peziza, Lembosia and ParasUrim, are 

described. 

399. Fantham, H. B. “ Some Protozoa found in certain Sontli African Soils, 

IX.” 8. Afr. Journ. 8d. 26, pp. 402-422. 1929. (2. 85.) 

This paper contains further records of Protozoa found in soils from Cape Province, 
Orange Free State, Transvaal and Natal. The series of papers concludes with a general 
survey in which such subjects as seasonal variation, correlation with types of vegetation 

and effect of veld burning are dealt with. 
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400. Bremekampj G. E. B. Revision of the South African Species of 
Pavetta'' Ann. Transv. Mtis. 13, pp. 182-213, Plate V and Map. 1929. 
( 2 . 86 .) 

■ The genus Pavetta (Rnbiaceae) is fully described and there is given a key to the sections, 
sub-sections and species occurring in South Africa. The geographical distribution of all the 
species is indicated and many new ones are described. In the introduction there is an account 
of symbiosis with bacteria occurring in the leaves of some species with strildng resemblance 
to the bacterial nodules on the roots of leguminous plants. 

401. Bremekamp, G. E. B. '' Stylocoryne W. et Arn., a new Genus for the 
Flora of Africa.” Ann. Transv. Mus. 13, pp, 214-215. 1929. (2. 87.) 

Several African species formerly placed in Pavetta are transferred to the genus Stylocoryne 
W. et Arn. hitherto only known from India and the Malay Ai’chipekigo. One new species from 
Transvaal is described. 

402. Levyns, Margaret R. ''Veld-burning Experiments at Ida’s Valley, 
Stellenbosch.” Tmns. Roy. Soc. S. Afr. 17, pp. 61-92, Text-figs. I-IO, 
Plates I-IV. 1929. (2.88.) 

The area chosen for the experiments was the northern slope of a secluded valley near 
Stellenbosch covered with dense Rhenosterveld, of which the dominant plant is Elyiropa p^nis 
Bhinocerotis Less. The vegetation is carefully classified and the various species listed ac- 
cording to their abundance. The area wms divided into six plots, three of wliich were burned, 
one cleared and one left as a control (one plot was abandoned). The further history of the 
plots is discussed in detail. The experiment showed: (1) Rhenosterveld is not a stable type 
of plant community but is probably a protracted stage in succession; (2) burning leads to 
the rapid increase of the Rlienoster bush and other plantr and also induces vigorous 
growth of a temporary nature among the petaloid monocotyledons and some other plants; 
(3) clearing does not favour the rapid increase of the Rhenoster bush and vigorous growth 
is more apparent among the grasses than among the petaloid monocotyledons. 

403. Phillips, J. F. V. "The Influence of Usnea sp. (near barb<Ba Fr.) upon 
the supporting Tree.” Trans. Roy. Soc. S. Afr. 17, pp. 101-107. 1929. 
(2. 89.) 

The influence of a species of Usnea on Podocarpus Tlrnnhergii Hook. (P. htifoUa K. Br.) 
and P, elongata Carr, was investigated and the following conclusions arrived at: (1) the 
lichen is definitely detrimental, in that its fungal component is parasitic upon the tissues 
external to (and sometimes internal to) the cork-cambium. Vigorous crowms may be infected 
as well as defective ones. (2) The lichen cannot develop luxuriantly under the conditions 
of light, temperature, and humidity holding in undisturbed high forest, but grows apace 
when these factors are suddenly and severely altered by heavy^ exploitation. (3) Preserva- 
tion of the forest canopy in primeval forest would seem to be the best means of inhibiting 
the rampant development of the lichen. 

404. Schonlaud, S. "Material for a Critical Revision of the Crassulaceae. 

(The South African Species of the Genus Crassida L. (emend. Schonl.).)” 
Trans. Roy. Soc. S. Afr. 1929. (2.90.) 

The paper consists of a classification of the South African species of Grassula in natural 
groups with remarks on their possible phylogeny. A key to the species is given together with 
their geographical distribution and phytogeny. 
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405. Duthie, A. V. “The Species of Isoefes found in the Union of South 
Africa.” Trayis. Roy. Soc. S. Afr. 17, pp. 321-332, Text-figs. 1-7, Plates 
XI-XIL 1929. (2. 91.) 

A key is given to the five species of Isoetes found in the Union of South Africa, three of 
which are here described for the first time. 

406 Brown y N, E. ''Contributions to a Knowledge of tbe Transvaal 
Iridaceae.’’ Trans. Roy. Soc. S. Afr. 17, pp. 341-352. 1929. (2. 92.) 

This paper deals with the Transvaal species of the four genera Dietes, Helixyra^ Morea 
and Momeria^ and is an attempt accurately to delimit the group of Irids known as “ tulps,” 
many of which are very poisonous to i^attle. The paper contains several new species and new 
combinations. 

407. Fritscliy F. E. and Richy Florence. "Contributions to our Knowledge 
of the Freshwater Algae of Africa, 7. Freshwater Algae (exclusive of 
Diatoms) from Griqualand West.’’ Trans. Roy. Soc. S. Afr. 18, pp. 1-92, 
Text-figs. 1-32, 1929. (2. 93.) 

This paper contains an enumeration of the freshwater algae (excluding diatoms) collected 
in Griqualand West, a region of which the algal vegetation has not been hitherto described. 
A number of ne-w species are described. 

408. Fritscliy F. E. and Rich , Florence. "Contributions to our Knowledge 
of the Freshwater Algae of Africa, 8. Bacillariales (Diatoms) from 
Griqualand West,” Trans. Roy. Soc. S. Afr. 18, pp. 93-123, Text-figs. 
1-11. 1929. (2. 94.)^ 

The diatoms present in the samples from Griqualand West that formed the subject 
of the preceding contribution are here dealt with. Owing to the small range of habitats the 
number of species recorded is said to be surprisingly small. A few new species and varieties 
are described. 

409. Dixon, H. N. and Wager, H. A. "New and Noteworthy Mosses from. 
South Africa.” Trans. Roy. Soc. S. Afr. 18, pp. 247-261, Plate III. 
1929. (2. 95.) 

A number of new species are described and new records given. Among the latter is the 
interesting discovery of JaegeHyia stolonifera C.M. belonging to a small genus of six species, 
of which three are confined to the Mascarene Islands (including Madagascar), one species is 
confined to Jamaica, one to the Philippines and one, the present one, occurs in South India, 
the Mascarenes and South Africa. 

410. Browja, N. E. '' Mesembryanthenium and Allied Genera.” Journ. of 

67, pp. 17-20. 1929. (2.96.) 

411. “ Novitates Africanae.” Jowm. qf Bo^. 67, pp. 132— 139. 1929. (2.97.) 

This contains descriptions of new species of Gladiolus, Watsonia, GethylUs, Forbesia, 
EawoftUa and Erica by Mrs L. Bolus and one species of Watsonia by Mathews and L. Bolus. 

412. “Decades KewensesJ’ Bull. Misc. Inf. Kew^ pp. 4-12. 1929. (2. 98.) 
This contains anew genus, Gatalepis Stapf and Stent, containing one new species, Catalepis 

gracilis Stent and Stapf, from the Transvaal. 
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413. Brown, N. E. “New Species of and Critical Notes on Mesemhryanihemimi 
and Allied Genera.” Bull. Miso. Inf. Kew, pp. .56-62. 1929. (2. 99.) 
This contains descriptions of new species in the genera Olottvphyllmm, Lithops, Meaemhry- 
anihemum and Psilocaulon, and also new combinations in the genera Dorotheanffms, ErMnus, 

Menfomlyx md Vanzijlia. 

M4» Smith, G. A. and Hubbard, G» E, ‘^^Notes on African Grasses. IX. Some 
Saline-loving Grasses occurring in Soiitli Africa.’' Bull. Misc. Lnf. Kew, 
pp. 83-87, 1 text-fig., Plate IV. 1929. (2. 100.) 

Seeds of Mesemhryantliemum crystallinum L., Jf. genmdiflorum L., Galenia sarcophylla 
Fenzl, Atriphx mpensis Moq., Salsola strohiliformis C. A. Sm. aifd Hypertelis mrnicosa PenzL, 
all salinaceoiis plants, were sown on an area of heavily saline soil on the “Bakbank Parm” 
in the Pauresmith Division, Orange Free State. The area was allowed to develop undisturbed, 
and on the passing of the second growing season the influx of several grasses, PmcmeUia 
angusta (Nees) Smith and Hubbard, Bromus imioloides H.B.K. and B. japonimis Thunb., 
was noticed. The first-named became very luxuriant, altiioiigh it had never before been 
foimd growing in the saline areas of the Faimesmith Division. A new species of PuccimUia 
is described and figured. 

415. Hubbard, C. E. “Notes on African Grasses. XL A New Genus of 
Grasses from BecLuanaland.” Bull. 3Iise. Inf . Kew, -px) 319-322 19^>9 
(2. 101.) 

A new genus of grasses, MegaloprotacJme Hubbard, belonging to the DigitariaMrae is 
described from Bechuanaland. 

416. Schwantes, G. “Neue Mesembriaoeen. IV.” Ahmatssckf. Deutsch. 
Kakteen-Gesell.l,pp.li-n. 1929. (2.102.) 

Descriptions of new species of Hereroa, Mitrophyllum, Nelia and ScMechtemnthus are 
given. 

417. Tiscber, A. “Faiicaria Hmgei Tiscb. spec, nov.” Monutssckr. Deutsch. 
KaUeen-Gesell. 1, pp. 20-21, 1 photograph. 1929. (2. 103.) 

418. Schwantes, G. “Argyroclef ma N. E. Br.” Alonatsschf. Deutsch. EaUeen- 
Gesell. 1, pp. 27-32, 2 Text-figs. 1929. (2. 104.) 

This includes a description of a new species of the genus Agryoderma. 

419. von Poellnitz, K. “Standorte von Hawortbia- und Apicra-Arten.” 
Aloncttsschf. Deutsch. Kakteen-Gesell. 1, pp. 38—41, 1929. (2 105 ) 

LooaUties are given for various species of Hmoorift w and Jjpicm. 

420. Pieper, W. “Beitrage znr Flora von Afrilca. LV. Vorarbeiten zii einer 
Eevision der afrikanischen Fte-Arten mit Beriicksichtigung der ubri<ren ” 
Engl. Bot.Jahrb. 62, Beibl. 141, pp. 1-91, Plates VIII-XII. 1929. (2.1o6.) 

This systematic account of the African species of the genus Vitex includes a few South 
Mrican species which are placed in the sub-genus HolmsUoUiopiais Pieper. 

421. Muir, J. “The Vegetation of the Riversdale Area, Cape Province.” 
Botanical Survey of South Africa, Memoir No. 13, pp. 1-82, 1 Map. 1929. 
(2. 107.) 

m Th! Szf S “to to® regions differing geologicaUy and botanicaUy: 

(1) The Strandveld, known popularly as the “Duine.” (2) The Renosterveld, known as tL 
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“Hardeveid” or ‘‘Mddelveld.” (3) The Langebergen, usually termed the “Langeberg.” 

(4) The Klein Karoo, usually called simply the “Karoo.” 

(1) The 8trandmld, This is the coast belt extending for about 44 miles from the Gouritz 
River to the Duivenhoeks River and consisting mainly of fixed sand intersected with rocky 
ridges and outcrops of limestone. Near the coast are mobile sand dunes. The region as a 
whole is pleasant, beautiful and fertile with an abundance of flowering shrubs and entomo- 
philous herbs. The area is carefully subdivided and the various associations dealt with in 
detail. Scaemla Tlmnhei'gii is particularly characteristic of the sandy foreshore, where it 
builds considerable hihocks. At the summit of the mobile dunes such plants as Rhus crenata, 
Metaloisia muficata,. Fassemm rigida and Stoehe cinerea are locally dominant. In the valley 
at the base of the dunes there are shrubs and small trees, of which the commonest are 
Sideroxglon inermef Gymnosporia lamina and Mystroxylon sphaerophyllum. Between the 
dime valley and the limestone hills are sandy coast flats whose principal shrubs are Ptem- 
celastrm mriabiliSs Rhus glauca^ Gymnosporia lamina, Cullumia setosa, etc. There are also 
various saline areas which have characteristic vegetation. In the inland region of the 
Strandveld the vegetation is mainly of a xerophilous type and is rich in Ericaceae, Rutaceae 
and Proteaceae. The river valleys of the region are clothed in a dark green mass of vegetation 
with Bideroxylon inerme, 8chotia speciosa and Aloe arhorescens occurring in abundance, wiiile 
on an alluvial area at Elberts Kraal Acacia karoo is abundant. 

(2) The RenosterveM. This Hes between the Strandveld and the Langebergen in the 
middle of the district: it is characterised by gently undulating hiUs and valleys, and is fairly 
W'ell watered. The vegetation contrasts strongly with that of the Strandveld, the Proteaceae, 
Ericaceae and Restionaceae becoming scarcer as one goes northwards and Bideroxylon inerme 
almost entirely disappearing. The vegetation is of a sclerophyUous type with Elytropappus 
Rhinocerotis, a xerophytic shrub belonging to the Compositae, dominant. In the Rhenoster- 
veld area proper Relhania genistaefolia and the grasses Gynodon Dactylon and Themeda 
Forskalii are often sub-dominant, and the three great geophytio famihes of Monocotyledons 
are well represented owing to centuries of veld burning. The Aloe Scrub, confined to the hill 
slopes of the eastern half of the Division, is being rapidly cleared away, except on rocky 
ground. The characteristic species are Aloeferox, A. arhorescens and A. Balmdyckiana, while 
Bideroxylon inerme and Gussonia spicata are common trees in the scrub. Species of Rhus 
and several Celastraceae are represented, also several succulents and such climbers as 
Asparagus spp. and Barcostemma viminale. A marked feature is the number of species 
with thorns. Acacia karoo occurs in the river valleys of the Renosterveld. 

(3) The Langebergen. This is a mountain range running roughly east and west and 
belonging to the Table Mountain series, some of the mountain summits being plateaux 
4000 ft. above sea-level. The Lithophyte Succession is said to be similar to that of the 
Drakensberg. Associations of Cyanophyceae represent the first stage. These are followed by 
Hchen associations which are in turn foUowed by mosses and hepatics. The first Phanero- 
gamic species are Grassula ruhricaulis, G. punctulafu and Mesembryanthemum deltoides. The 
principal sclerophyUous types of vegetation are Heath and Macchia. The former is a stap 
in the succession to Macchia and is situated on the rounded foothihs and lower mountam 
slopes. Species of Erica are dominant and the smafier genera of the family Ericaceae are 
well represented. The heath passes insensibly into true macchia, known in South Africa as 
“fynbos” and closely related ecologically to the macchia of the Mediterranean region an 
to the chaparral of CaMfornia. The vegetation consists of a multitude of woody evergreen 
shrubs, usuaUy with leaves much reduced in size. Some of the most frequent and strikmg 
species are Protea neri^olia, P. latifolia, P. longiflora, Gliffortia ilicifoha and Leucadendron 
sMctum. The prevailing families are Restionaceae, Proteaceae, Ericaceae Geramaceae Gom^^ 
positae and Leguminosae. Forest is found usuafiy in ravines and rocky sites, mostly of 
southern aspect. The principal trees and large shrubs are Gwupnia capensis, Gurtisea faginea, 
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(Mea hnrifolm, Hartogiu ca<pmais, Royem Incida, Gymnosporia acuminata, G. buxifolia 
Pterocehstnis variabiUs, Scolopia Mundii, Apodytes dimMinta, Olima cymosa, Podocarpm 
lahfolm, Burchdha capensis and in some woods Gardenia Rothmannia. The composition 
corresponds closely to that of sub-tropical high forest in the Knysna division. 

(i) The Klein Karoo This lies to the north of, and parallel with the Langebero-en 
extentog for about 40 miles from east to west and 6 to 8 mile.s from south to north. It is 
an undulatmg plain with stony ridges and rockj' hills, from 1000 to nW ft. in altitude inter 
sooted by water-courses which are dry except after rains. The general aspect is desert-like 
with scattered shrubs and intervening bare areas of hard, baked ground. The vegetation is 
mainly succulent and xerophytic with a large proportion of geophy tes, but with a few annuals 
which come up after rain. The mountain macchia is bordered by a narrow strip in which 
m^ro^pp^ Rhnocerotis is dominant. Kudea unduhita is the commonest shrub in this belt 
and Rhus famcca comes next in order of frequency. The succulent families Buphorbiaceae’ 
Grassulaceae and Aizoaceae are weU represented. Traveffing northwards Elytropappm 
becomes scarcer, and Salsoh, apKylla becomes abundant. Three arborescent species of 
ColyMon&re especially noteworthy and many species of Mesembryanfhetnum are to be found 
k dominant. On hills near the Langebergen Eudea undulata 

inlnu some hills are thickly covered with Aloe microdigma. Burther 

inland Camsa. Ardmna and Portuhmria afra often occur with the still dominant Evdrn 
undulata. Annuals are, to some extent, an index to aridity, becoming more prominent 
accordmg to increased dryness. The “quartz” fields show an interesting and largely pecuUar 
vegetation m which “mimetic” plants are characteristic, but no useful purpose sLs to 

/oo ^USTEALIA AND TASMANIA (Collabobatoe, V. S. Summeehayes) 

422. Pescott, E. E. The Orchids of Victoria, pp. ,.97, 1 coloured and 16 
photographic plates. The Horticultural Press Pty. Ltd., 78a, Victoria 
btreet, Melbourne. 1928. 6s. (3.28.) 

Descriptions of the species are supplied with partial keys to some of the genera Notes 
Te Steted the descriptions. A number of the species 

■ o' Australia.” 

Soc. S. Austraka, Adelaide, 53, pp. 45-53. Dec. 24th, 1929. 

340 spemes are recorded, of w^hieh 250 belong to the Ehodophyceae. The distribution of 
the^pecies is given according to regions. Most of the records are from the east of Investigator 

424._Prescott J A. “The Vegetation Map of South Australia.” Trans 
iS. AiMia, Adelaide, 53, pp. 7-9, 2 maps. Dec. 24th, 1929. 
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426. Morris, P. F. “ Ecology of Marysville and Lake Mountain.” Victorian 
Nalwmlist, Melhowme, 46, pp. 34-42, 1 plate. June lOth, 1929. (3. 32.) 

Tile area described is a iiiountainous region in the neighbourhood of the Dandenong 
Range. In the lower areas Nothofagiis cmininghamii is locally dominant along the river 
banks., while elsewhere eucalypts are the chief trees. E, mminalis, E. ovata and E. rnbida 
are the commonest species, the former being chiefly by the rivers. Species of Acacia^ shrubs 
and herbaceous plants are found under the eucalypts, but are less common under the 
Nothofagm, 

The vegetation of the Lake Mountain can be divided into three main parts, viz. : (1) Basal 
Slopes, on which the groiin^fi is often boggy and supports there only herbaceous vegetation. 

(2) Hillsides, covered chiefly with open forest with thick undergrowth. (3) Echo Elat, a 
high swmmp in which Eucalyptus coriacea is the only tree, occurring on the margins. A list 
of all the species found on Echo Elat is given. 

On the mountains below, forests of various species of Eucalyptus occur. 


427. Ruppy H. M. R. ''Forms and Habits of Certain Orchids.'’' Victorian 
Naturalist, Melbourne, 46, pp. 3-8. May 4th, 1929. (3. 33.) 

A nimiber of peculiar biological features found in various x4.ustralian orchids are here 
described and discussed. These are as follows: (1) The occurrence of giants and dwarfs in 
certain species. (2) Elongation of the flowering stem after fertilisation, (3) Anomalies of 
habitat, (4) Anomalies of the flow^ering season. (5) Habits in connection with basal leaves 
of terrestrial species. 


428. SuttoHy C. S. "A Sketch of the Vegetation of the Cradle Mountain, 
Tasmania, and a Census of its Plants.” Papers and Proc. Roy. Soc. 
TaMMinia, Hobart, 1928, pp. 132-159. March 11th, 1929. (3. 34.) 

Cradle Mountain, together with two adjacent mountains, consists of the remains of a 
dolerite sill, and rises to just over 5000 ft. (1500 m.) above sea level. Glacial indications 
are to be seen everywhere, while there are numerous lakes in the vicinity. The annual rain- 
fall at 3000 ft. (900 m.) is high, reaching nearly 135 in. in 1924, the wettest months being 
in the winter. The range of temperature is considerable and frost may occur in any month. 
Humidity is high, the means ranging between 67 and 95 per cent. 

The follow'ing plant communities are recognised: 

(1) Forest, consisting of four types: (a) AthrotaxisNothofagus forest occupying the higher 

slopes on the w^est side and dominated by Athrotaxis selaginoides, NotJiofagus cunnmghamii 
being the next important tree; (h) open forest, lying between (a) and grassland on the lower 
slopes, and composed chiefly of Eucalyptus m/uelleri; {c) Eucalyptus- Athrotaxis forest on east 
and south sides of Dove Lake, and composed of the species already mentioned; (d) Eucalyptus- 
Nothojmgus forest on steep slopes near Crater Lake, a rather open low type in which the 
dominant is cocc?/era. 

(2) Dwarf subalpine scrub, occurring at the low^’cr end of Cradle Valley. A number of 
species are co-dominant forming a thickset growth about 12-18 in. high. 

(3) The Oynmosclioenus (button grass) association occupies most of the sour ground in 
the valley, A number of small herbaceous species are associated with the button grass. This 
community covers large areas in many other parts of Tasmania. 

(4) The Gleichenia-Bestio association occurs on wet ground. 

(5) Subalpine meadow covers the lower slopes of the mountain. Poa caespitosa is the 
chief species, forming close tussocks. 

: (6) Aquatic and bog plants. ■ . ' ' ^ , 
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_ (7) Subaatarctio fell-field. This occurs on the plateau at or above 4000 ft. (1200 m.). 
The ground is very diversified, being very rociy in places, while there is but little soil 
anywhere. In the summer months aridity sometimes occurs owing to rapid run off of the 
water. The chief growth-form is the cushion or “boulder” type, but mat types and pfostrate 
Mpaher types are also found. The chief species giving character to the vegetation are 
Vracophyllum minimum, Domtia nome-zekndiae, Ewartia meredithae and Pterygopavms 
lawremn. These act as seed beds in which other smaller species can become estabffshed. 
Among rocks and boulders low scrub is found. 

^ A short comparison of the floras of Cradle Mountain and of the Austrafian Alps is made. 

complete list of tbe species recorded with their “communal” distribution is furnished. 

429. Wood, J. G. “ Floristics and Ecology of tEe Mallee.” Trans. Roy. Soc. 
S. Australia, Adelaide, 53, pp. 359-378, 1 text-fig., 1 map. Dec 24t}i 
1929. (3. 35.) ■ ’ 

The area studied includes north-west Victoria, south-west New South Wales and various 
par s of South Australia. Mallee scrub is dominated by eucalpyts of a definite habit, the 
most important species being Eucalyptus dumosa, E. oleosa and E. gracilis. All are small 
rees from 2 12 m. in height, and bearing several sparingly branched stems from an under- 
^roimd root stock. A regular canopy is formed at the apices of the branches. Various 
xerophytic shrubs also occur, while the ground flora consists chiefly of ephemerals. 
he+r the more exact distribution of the mallee area. The maUee occurs only 

from Te Variability 

from the average amount of rainfall is 15-20 per cent. All the soils are of “Solonetz” type 

wSrT^!i°^ travertine limestone. They are invariably alkatoie 

about 7 5-/ ■7, and the subsoils one of about 7-7-8-0. ^ ^ 

erll ttfbe 26 per cent, are confined to the region, the remainder being Lnd 

maUee su?arlf.f directions. Analyses of the floras of the main 

show that giv-en. A spectrum of the hfe forms according to Raunkiaer’s method 

show that nanophanerophytes, chamaephytes and therophytes are particularly common 

^MOT^dr ? spectrum, while the percentage of hemicryptoph:^es is low. 

ore detailed descriptions of certain maUee areas follow. Few definite comnrunities can 
be recognised, but locafly the eucalypts are replaced by species of Galli Z 7Z7aZZ 

i:p£l:tor7oTir^^ on shght di^erice” 

On tto wto rL mat?^"' •°° T " ^ Eucalyptus cneorifolia. 

wetter dttetfLTt^^^^^ 77 " traditional between the savannah forests of the souLrn 

given n. «n,h n„. 

430. Franms, W. D. Australian Rain-Forest Trees, excluding the Species 
^^led to the Tfoj>,cs, ^^. xi + 137, 25 text-figs., 213 half-tne illLra- 
10s (3 ST' ■ Government Printer, Brisbane. 1929. 

CaneSJrr* down the eastern Anstralian seaboard from Cape York to 

more than 100111®°^!"?^™! n 

siderable areas ^ 
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characters of temperate rain forest. South of latitude 33° S. the tropical element has mostly 

disappeared. 

Most of the raiii fo.rests occur in regions with 60 in. or more annual rainfall. Although 
the forests occur on many soil types, many large areas are found on basalt soils which are 
favourable for development of rain forest. The forests are very sensitive to fire and are easily 
destroyed by burning, but owing to the high humidity this does not often occur in na>ture. 
The size of the trees and the occurrence of buttresses is also noted. Many of the trees develop 
buttresses when quite young, and before exposed to the bending effects of winds, etc. Flanged 
stems, corrugated woody cylinders, bark, timber and the leaves of various species are also 
discussed. 

The species are described in detail with ecological and economic notes and geographical 
distribution. Many of the more important ones are illustrated. There is a general artificial 
key to facilitate identification, while in each family there is a key to the genera included. 

(4) NEW ZEALAND (Collaborator,, V. S. Summerhayes) 

431. Cockayne, L. “Tlie Vegetation of. New Zealand.’’ Die Vegetation der 
Erie, Leipzig, 14, ed. 2, pp. xxvi + 456, 87 plates, 3 maps. 1928. 4-2s. 
(4. 29.) 

In the introduction (Part I) is a history of the botanical exploration of New Zealand from 
Cook’s discovery up to 1927. This is followed by a general account of the physiography and 
then of the climate. 

Part II deals with the primitive and semi-primitive vegetation. This is dealt with under 
four main divisions, viz. the vegetation of (i) the sea coast, (ii) lowlands and lower hills, 
(iii) high mountains, (iv) the outlying islands. In the first three sections general observations 
come first, followed by chapters on leading physiognomic plants and their life forms/’and 
the autecology of the respective plants. 

(i) The communities are dealt with seriatim as follow’^s: (1) Communities of Salt and 
Brackish water; (2) Salt meadow^s; (3) Seashore communities; (4) Dunes; (5) Eock and Cliff 
vegetation; (6) Coastal scrub; (7) Coastal forest. 

(ii) The following communities are recognised in this region: (1) Forest consisting of 
(a) Subtropical rain forest of broad-leaved trees and conifers, and (b) Subantarctic rain 
forest, (a) is divided into three main series: (a) Kauri forest, dominated by Agathis australis; 
(g) Podocarp-broad-leaved dicotylous forest on dry groimd; (y) Podocarp-broad-leaved 
dicotylous forest on wet ground. Under (b) various types of Notliofagus forest are described. 
(2) Shrubland and fernland. (3) Water associations. (4) Swumj) vegetation. (5) Bog vegeta- 
tion. (6) River-bed vegetation. (7) Grassland, consistmg of low" tussock grassland dominated 
by Festuca novae-zdamdiae and Foa caespitosa, and tall tussock grassland in which Bantlionia 
raouUi is dominant. (8) Rock vegetation, 

(iii) The communities recognised in this region are as follows: (1) Suhalpine forests, the 
most important of which are types dominated by various species of Notliofagus, other types * 
being dominated by subtropical species. (2) Shrub communities; these are formed chiefly 
of species of Olearia, Senecio, Hebe, Coprosma and Dracophyllum. (3) Rock vegetation. 
(4) Vegetation of loose stony debris. (5) Fell-field. (6) Grassland, much the same tjq)es as 
before. (7) Herb-field dominated by large mesophytic herbs. (8) Herb-moor, intermediate 
between herb-field and bogs. 

(iv) The outlying islands are considered under the following headings: (a) Kermadec 
Islands; (&) Chatham Islands; (c) the Subantarctic Islands. 

In Part III the effect of settlement upon the plant coverhag of New Zealand is discussed. 
The new vegetation produced is classified into four categojries: (1) Modified vegetation, in 


I 
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which shght changes have taken place in the primitive communities; (2) Exotic-induced 

communities formed from introduced plants; (3) Indigenous-induced communities tit is 

pasSs ic Trr“““*T (4) Artificial communities,’ such as 

pit T?^' ? i Agriculture and Horticulture in New Zealand. 

of New Zealand, its distribution and composition The area 

disJrictsihkh aifd and these are again subdivided into botanical 

in soi diis ol^^^oterised in general terms. Subdistricts are recognised 

(1) f ® recognised; 

ScctTokS^ Palaecelandic; (3) Australian; (4) Subantarctic; ffi) Palaeotropic; 

In Part V the history of the flora is considered. 

432. Mlau, H. H New Zealand Trees and Shrubs, and How to Identify 
nem, pp^Yi + 188, frontispiece and 28 figs., mostly photographs, 2 maps. 

ST.^d.“(4.ST 

so th^fiM^ t'-®®“d Shrub flora of New Zealand. The text is arranged on the key system 
of aU the so species by vegetative oharactera only. Short descriptions 

tSir^trCer: 

species irmw+t . “■ Introduction contams notes on genera and 

sL and easily This book is of pocket 

species. ^ “’® ®^°®P®>it photographs of some of the 

KeTOion of the Genus DracophyUum.” Tram. 

434. Laing, R. M. and Oliver, W. R B “Tbo Vo^ + i.- r ,.1 tt 

"Pi’ T> • • 1 ^ . IJie Vegetation of the Upper 

is discussed in greater detail f it * ^ seedlings. Each of these factors 

forest, 3crur« IsltL tr" '’v ‘ “^<1’ 

and reed swamp. A fuU list'of the species 


(5) PACIFIC ISLANDS (Collaborator, V. S. Summrhayrs) 

\ I’l-ts or Hosts of Some Fiji Insects 

25th, 1929 (5”8.')V''‘ PP- 344-362. Oct 

Further records supplementing the two earher papers are given. 
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(7) INDIA, BURMA AND CEYLON (Collaboeatoe, R. J. D. Geaham) 

436. “Calophyllum.” “Evergreen Forests in British Malabar.” hidian 

Forester, MMaharf, 55, pp. 20-30, Jan. 1929. (7.66.) 

A paper submitted to compete for the Brandis Prize giving an historical and ecological 
account of this speciahsed and local type of forest. The commonest species belong to Mesua, 
Galophyttum and 0-uUenia. The viTiter emphasises the slow regeneration where the forest 
is disturbed and outlines a plan by which the forests which were reserved till 1919 can be 

worked, 

437. Sweet, J. M. Natural Regeneration of Adma oordifolia” Indian 
Forester, Allahabad, 55, pp. 40-42, Plate 1. Jan. 1929. (7. 67.) 

A successful experiment to test the possibility of regeneration of Ad/ina after burning in 
the Mount Stuart Forests, Madras, is described. 

438. Coffey , T. M. Hill Taungyas in the Kurseong Division, North Bengal.” 
Indian Forester, Allahabad., 55, pp. 80-85, Plates 2, 3. Feb. 1929. (7. 68.) 

439. Warren, W. D. M. “Sal and its Regeneration.” Indian Forester, 
Allahabad, 55, pp. 182-186. March, 1929. (7. 69.) 

A criticism of Osmaston’s paper “Sal and its Regeneration” (No. 353). The main points 
criticised are (1) drainage of subsoil which the writer thinks insufhciently emphasised, 

(2) burning as a method for esta.blishing sal. 

440. Sher Singh. ‘‘The Effect of Climate on the Conifers of Kashmir.” 
InMan Forestsr, AUahabad, 55, pp. 189-203. April, 1929. (7. 70.) 

Kashmir is defined as the upper portion of the Jhelum Valley. A comparison of the 
forest ill this area with thiise outside is outlined. Outstanding differences are the absence 
of Deodar on the north slopes of Pir Panjal, the complete absence of Chir Pine, all Oaks, 
Laurels, low level Rhododendrons, Pier is, Cornus, Carpinus, Alnus nitida and many 
species of Euonymus, their place being taken by Kail and Eir. An explanation of these 
anomalies is offered on edaphic, climatic and topographical grounds. The paper concludes 
with a comparison of the distribution of the Blue Pine and the Spruce in Kashmir and 
British India. 

441. Cowan, J. M. “The Malatas of Northern Bengal.” Indian Forester, 
AUahabad, 55, pp. 226-231, Plate 10. April, 1929. (7. 71.) 

A key based on leaf characters illustrated in the plate is given of Mallotus Roxhurghianus, 
Jf. pMllipinensis, If. nepalensis, M, albus, M. repandus, Macaranga pustulata, 
Jf. dentimlata, M. Gamblei and M. indica. 

442. Gupta, B. L. “A new species of VateriaF Indian Forester, Allahabad, 
55, pp, 231-232, Plate 11. April, 1929. (7. 72.) 

Valeria macrocarpa is described as a new species. 

443. Parker, R. N. “Indian Climbing Acacias of the Caesia Group.” Indian 
Forester, Allahabad, 55, pp. 225-333. June, 1929. (7. 73.) 

A key to the species and a description of a new species. Acacia diadenia Parker, is given. 

444. Prim, Nath Kohli. “Adventitious Roots,” Indian Forester, Allahabad, 
55, pp. 371-372, Plate M. June, 1929. (7. 74.) 

A photograph of adventitious roots on Pinus excelsa^ 
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Anonaceous Trees from Burma.” Indian Forester 
55, pp. 375-376, Plate 15. July, 1929. (7.75.) 

Polyalthm crassa Parker and Sa^eraea bracteohta Parker are described. 

446 Champion, H. G. “ The regeneration of Tropical Evergreen Eorests ” 

480-495. Aug. and Sept. 

Tke^ paper opens with syneoology of the rain forest foUowed by the distribution and 
composition of the tropical evergreen forest and the local forms displayed The natural 
regeneration is described and suggestions are made to further this. Artificial regeneration 
tSXT"' on account of the nature of the ground inhere the forest feours and 

the shade requirement of the young stages of its chief species. The marked deterioration 
on felhng is emphasised unless appropriate cultural operations are undertaken. 

‘lf"Sdonia acutangulaF Indian Forester, Allahabad, 55, 
pp. 498-502, Plate 21. Sept. 1929. (7. 77.) 

An account of the germination of the water-borne seeds is given. 

78^^'''^'*" Regeneration.” Indian Forester, Allahabad, 

dealt “y^'Sin (air 

Vengupolan, M. and Ranga- 
nathan S. An Investigation into the Plant Eequirements of Zizyphus 
Jujnba during Growth and Lac Cultivation, Part I.” Indian Foilster 
Allahabad, 55, pp. 525-534, Plates 23-29. Oct 1929 (7 79 ) " 

A contribution from the Indian Lac Research Institute giving the resulte of neriodlc»T 

ooUected in August than in Januaiy. This i I 

other organs. Both total and inorganic phosphorus and iko and increase in the 

fallwithage. There is most phosphorus in the leais and least to the 

450. Gorrie, R. Maclagan. “A Short Description of the Upper Bashahr 

Allahabad, 55, pp. 534-540 Oct., 1929. 

Indian Forester 

Allahabad, 55, pp. 541-562, 586-613. Oct. and Nov. 1929 (7 81 1 

graitot^srhirtiX^ 

list of books consulted. ^ 7, 1896), concludes with a 

AlhM, 

PP* ooo, Jriate 30. Nov., 1929. (7. 82 ) ^ 

A description of an area in Knmaon United I^ovinces, 
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453. Gorrie, R. Maclagan. “A Destructive Parasite on the Himalayan 
Blue Pine.” Indian Forester, Allahabad, 55, pp. 613-617, Plate 31. Nov., 
1929. (7. 83.) 

Arceutkobium minutissimum Hook, is described together with the life history and the 

damage to Pinus excelsa. 

454 . De, R. N. “ The Eegeneration of Tropical Evergreen Forests.” Indian 
Forester, Allahabad, 55, pp. 620-623, Plate 32. Nov., 1929. (7. 84.) 

A criticism of Champion’s paper (446) dealing particularly with the tropical evergreen 

forests of Assam, 

455. Parker y R. N. Leucana glaiieaP Indian Forester^ Allahabad, 55, 
pp. 641-642, Plates 33, 34. Dec. 1929. (7. 85.) 

An accoimt of experiments at Chandbagh. 

456. Parker, R. N. ''Tke Indian Species of Linn.” Indian For estsr, 
Allahabad, 55, pp. 642-645. Dec. 1929. (7. 86.) 

A key to the three Indian species is given with a description of N. megacar fa Parker, a 
new species. 

457. Hall, W. F. ‘^^Ramiiager Forest Division.” Indian Forester, Allahabad, 
55, pp. 645-651. Dec. 1929. (7. 87.) 

A description of a tract in the United Provinces covering 300 miles in the foothills of 
the Himalayas. The area contains some of the finest sal forest in the Provinces. 

9 ■ 

458. Borgesen, F. Notes on the Vegetation at Dwarka on tlie West Coast 
of India with reference to Raimkiaer’s ‘‘Life Forms’ and Statistical 
Methods.” Journ, Ind, Bot. Soc. Madras, 8, No. 1, pp. I-IS, Plates I-III. 
March, 1929. (7. 88.) 

The notes are based on a stSay of 8 days at Dwarka in Baroda and represent spare time 
occupation, the principal object of the stay being the rich algal flora. Notes on twenty-eight 
species of flowering plants arranged according to size are given. A comparison is made with 
six other tropical and subtropical localities. The conclusion is ‘‘on the whole the vegetation 
shows much Hkeness to the Canarian vegetation from the dry fiats and hills and to the 
Mediterranean one and that not only as to the physiognomy but also as to the composition 
of the flora as a whole.” 

459. Blatter, E. '’'Revision of the Genus Butea Koen.” Journ. Ind. Bot. 
Soc. Madras, 8, No. 2, pp. 133-138. July, 1929. (7. 89.) 

The genus Spatholobus now disappears under Butea which had already expanded to 
include Meizotropis. 

460. Blatter, E. "The Indian Species of Ternmalia Linn.”, Journ. Ind. 
Bot. Soc. Madras, 8, No. 4, pp. 245-262. Dec. 1929. (7. 90.) 

The genus now includes twenty Indian species. A description of each with its localities 
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461 Sabnis,F.S. “ANoteontheEcologyof the Flora of Sind.” Journ.Ind 
Bot. Soc. Madras, 8, No. 4, pp. 263-386. Dec. 1929. (7. 91.) 

After statists study of oMmate aaid flora the author briefly describes the foUowin- 
fomations: (1) Halophytic or semi-haJophytio; (2) Aquatic or semi-aquatio; (3) Kalar soil” 
(4) Sand; (5) Gravel; (6) Rock; (7) Euderal. , W vaiarsou. 

The author ventures the predictions that the whole flora of the Sind desert wiU in course 
of time assume western characters owing to invasions from the western deserts. 

462. Alston A H. G. “Names published in Moon’s Catalogue.” Ann. Roy 
f ot- Gard. Peradeniya, Geylon, 11, Part 2, pp. 203-206. March, 1929.' 

Twenty-one new names are given. 

S’lora of Maragalakande.” Ann. Roy. Bot 
Bard. Perademya, Ceylon, 11, Part 2, pp. 207-211. March, 1929 (7 93 ) 

_ A hst of plants grouped under (1) in the jungle; (2) margin of jungle; (3) on Patanas- 
(4) rook on Patanas; (5) swamp on Patanas; (6) among the tea. ’ 

464. Holland, H. Fodder Grass Trials on the Experiment Station, 

S (794 ) PP- P’®b- 

Note are given on sixteen grasses, of which seven are indigenous 
reported a troublesome weed in plots of creeping grasses. 

465. T s. and Thomaa, R, “Studies of SngM Roots at 
Different Stages of GrowtL” Memoirs Sept. Agrie. India, Bat, Series 
Cafcwfte, 16, No. 5, pp. 145-157, 3 plates. Jan. 1929. (7.95.) 

466 Khan, Abdur Rahman. “Studies in Indian OH Seeds. No. 3, Carthamnus 
tmctonus LmnP Memoirs Dept. Agrie. India, Bot. Series, Calcutta, 18, 
No. 3, pp. 81-87, 1 plate. Dec. 1929. (7. 96.) 

Ten new types are described and a key to the Indian types is published. 

467 Blatter, E. “Mosses of the Bombay Presidency, the High Wavv 

^g^Och 1929^°(r97^)^'''” PP- 

The lists are arranged alphabetically, 

468. Maj^anath^, P. V, The Ifloieeri.g Pla.d, of Madras City antl its 

I minediate Neighbourhood. Government Press, Madras. (7. 98.) 

aud^iltetS;^^'''" Natural History Seaion, No. II, 

469. Cowan J. M. “ The Forests of Kalimpong-an Ecological Account ” 

Beards Botanical Survey India, Calcutta, 12, No. 1, pp. 1-74, with coloured 
folding map. 1929. (7. 99.) ^ ourea 

Kalimpong is a subdivision of the Darjeeling district situated in Northern Beuf^Pi h ■ 

an area of 412 sq. miles, of which 206 are Government Reserve Forests Thec,,.r®^’ 
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5000 ft., and on tlie RecM La near the Sikkim-Bhutan boundary the mountains reach an 
elevation of over 10,000 ft. 

The climatic conditions depend largely upon the south-west monsoon. Most of the rain 
falls between June and October and the lower slopes of the hilla facing the monsoon have 
a yearly rainfall of 200 in., while the north-west slopes have about 120 in. At lower elevations 
where rainfall exceeds 180 in., evergreen species predominate, but with less than 160 in. 
most of the trees are deciduous and shed their leaves during the hot season (April and May) 
when the mean maximum temperature is about 96° F. At elevations above 4000 ft. where 
the temperature is equable the majority of trees are evergreen. 

In the absence of sufficient data regarding succession the author takes altitude as the 
chief factor in determining, the distribution of the forest communities. These are grouped 
under three zones: (1) the Tropical or Lower Hill zone; (2) the Subtropical or Middle Hill 
zone; and (3) the Temperate or Upper Hill zone. In all the zones the climax community 
is forest, alpine vegetation on the Himalayas developing above 12,000 ft. The Lower Hill 
zone ascends from the river valleys to about 3000 ft. and occupies about 95 sq. miles. The 
forests are mainly deciduous, except in the districts of high rainfall where evergreen forest 
develops. Four plant communities, described as associations, are recognised: (1) the Shorea- 
Terminalia-Gamga; (2) the Shorea-Stereospermum; (3) the ScMma-Bauhinici; and (4) the 
Eugenia-Phoehe. For each of these associations the author gives a list of species showing 
the percentage composition of the community. Thus, Shorea rdbusta forms 34-4 per cent, 
of the first, but only 13*3 per cent, of the second association. Schima WallicMi constitutes 
18*6 per cent, of the third association. These figures which refer to dominant species are 
sufficient to show that the several associations comprise a considerable assemblage of species. 
A number of these is recognised as forming consociations or societies and these are men- 
tioned under the name of the locally dominant species. In the Subtropical or Middle Hill 
zone, lying between 3000 and 6000 ft., much of the land is under cultivation. Even 50 years 
ago the area under forest ^as much greater in this zone than it is now. Man has been 
responsible for the disappearance of the greater part of the forests between 3000 and 6000 ft. 
over an area of about 188 sq. miles. This has been due mainly to a rapid increase in the 
agricultural population. In the Middle HiU zone four climax associations are recognised: 
(1) the Castanopsis-Schima, (2) the ScMma-Castanopsis-Phoebe^ (3) the Engelhardtia- 
GastanopsiS’-JSchima-Betula, and (4) the Ostodes association. In this zone only about 
30 sq. miles are under forest and the third association mentioned is the chief tree community. 
Its European character is rather remarkable, for, although the species are different, many 
European genera are represented. The Temperate or Upper Hill zone ranges from 6000 
to 12,000 ft. The area under forest is about 78 sq, miles. The following communities are 
determined chiefly by altitude: (1) the Machilus-Mickelia association occurring from 6000 
to 7000 ft.; (2) the Quercus association from 7000 to 9000 ft.; (3) the Rhododendron associa- 
tion on the slopes of the higher ridges; and (4) the Tsuga-Abiea association represented 
in the Kahmpong area by a few isolated groups. 

The author concludes his survey by giving a short account of serai communities, dealing 
with the succession in river beds, burnt areas, waste lands, forest coupes and on landslips. 

470. Blatter, E. ''Revision of the Flora of the Bombay Presidency, Parts 
Journ. Bombay Nat. Hist. SoG, 229-24:8, 

1929. 33, pp. 12-26. March, 1930. (7. 100.) 

Starting with the subfamily Pooideae the Gramineae are completed. A key to the family 
and an alphabetical list of genera is furnished. 
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(8) TROPICAL AND NORTH AFRICA (CoiLABOEATOE, T. F. Cmpp) 

471 Thompson, H. N. RepoH Regarding the Irregularities of Rainfall in 
A%gena, pp. 16, 3 graphs. The Government Printer, Lagos. 1928. (8. 42.) 
The MepoH is a special pubHoation in which is discussed the extent of the association 
between a growing irregularity of rainfaU and the progress of desiccation in Nigeria The 
discussion oentees roimd the theory advanced by Schonten in recent years before the South 
Advancement of Science. The records available for Nigeria 
«e admittedly too meagre to test the theory satisfactorily, but the inference is that the 

of iahn ^ advanced for the preservation 

of reZ ,T 7:- of regions by the preservation 

and andto prevent herds 

472 . Tsetse Research Annual Report for the year ended 31st March 1929 

moQ- n’ I’rinter, Dar-es-Salaam, Tanganyika Territory.’ 

1929. Price 2s. 6d. (8. 43.) ‘ 

treate^i P’^'^fi^hed by the Director of Tsetse Research. The subject is being 

treated as an ecolo^cal proposition. The Beport deals with the several investigations, which 

« 777*7^^ '' I 7 results to be ascT^ 

though nsefu hues of research have been indicated. The studies in animal and plant 

of the district and the influence of fire in control and combat of the fly are descSbed 
473 . Tsetse Rechniation Annual Report for the year'ended 31st March, 1929, 

iSs Pri“L;r“ 

”“** *" *? “<1 •« 


^ Important Vegetation Communities in the 

prindpST^ »« wilt br« not« and 

The .ubjecl hm tem .tadlM prtarf, in eonn^llon rrith T»to % inTe.t«.tloa,. 


Supplement to The Journal of Ecology Suppt 125 


(9) CENTRAL AND SOUTH AMERICA (CoiiABORATOB, R. C. McLean) 

475. Williams, R. O. and Gheesman, E. E. Flora of Trinidad and Tobago, 
Vol. I, Part 2, Parietales, Polygalineae, GaryopJiyllineae, Guttiferales, 
■ Geraniales, by R. 0. Williams. Malmles, by R. 0. Williams and E. E. 
Cbeesman. Dept, of Agriculture; Trinidad and Tobago. 1929. 6s. (9. 10.) 

This is the third part of this Mora to be issued, the two previous parts being VoL i, 
Part 1 , RanaleS) and VoL n, Part 1, RuMales, The effects of old settlement are reflected 
in the large number of naturalised and introduced species included. The botanist of temperate 
zones cannot but be impressed by the fact that Cruciferae are represented by four species 
only (three being casuals) and Caryophyllaceae by one weed, while on the other hand 
Malvaceae run to nineteen genera with thirty-nine species and Malpighiaceae to twelve 
genera with thirty-two species. Local names are cited, and it is evident that when plants 
can be baptised “Scotch Attorney,” “ Jump-up-and-kiss-me” or “The Hatstand Tree,” 
the Saxon tongue has not lost its cunning in this matter. Distribution of species in neigh- 
bouring areas is recorded* 
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BRITISH EMPIRE VEGETATION ABSTRACTS: 

TITLES AND ABSTRACTS OE PUBLICATIONS ON THE 
VEGETATION AND ECOLOGY OF THE OVERSEAS 
EMPIRE AND ON RELATED TOPICS 

(1) CMADA (Collaborator, J. E. Dandy) 

476. Adams, J. ''A Bibliography of Canadian Plant Geography to the End 
of the Year 1920.’’ Trans, Roy, Can. Inst. 16, pp. 293-355, and 17, 
pp. 103-146, 227-265. 1928-30. (1. 126.) 

This deals not only with the Dominion of Canada but also with the adjacent territories 
of Alaska and Labrador, the islands of Newfoundland, St Pierre, and Miquelon, and the 
Arctic Islands to the north of Canada. The bibliography is divided into six sections, dealing 
respectively with six chronological periods: before the end of the year 1800, 1801-50, 
1861-75, 1876-1900, 1901-10, and 1911-20. Under each of these sections the names of 
authors are arranged in alphabetical order. 

477. Hitchcock, G. L. ''Revision of North American Species of Godetia^ 
Bot. Gaz. 89, pp. 321-361, Fig. 1. 1930. (1. 127.) 

According to this revision only one species of Godetia (Onagraceae) is represented in 
Canada, namely <7. amoena, of which two varieties, var. ti/piGa (a new name) and var. 
gracilis (a new combinatioxi based on G. gracilis), extend northwards from the western 
United States into British Colunibia. 

478. Fauil, J. H. "Notes on Forest Diseases in Nova Scotia.” Journ. 
Arnold Arb. 11, pp. 55-58. 1930. (1.128.) 

This article comprises notes on some of the forest diseases observed by the author during 
a pathological reconnaissance of the forests of Nova Scotia, which he carried out in July, 
1929, as a preliminary to the study of the forest diseases of the province. A number of the 
diseases seen had not previously been reported from Nova Scotia; these new records are 
marked with asterisks throughout the paper. 

479. Raup, H. M. "A New Species of Salix from the Mackenzie Basin.” 
Rhodora, 32, pp. 111-112, Plate 202. 1930. (1. 129.) 

A new species of willow, Salix alhabascensis, is described and illustrated from material 
collected by the author in northern xMberta. 

480. Bishop, H. "The Austin Collection from the Labrador Coast.” Rhodora, 
32, pp. 59-62. 1930. (1. 130.) 

The author gives a brief account of a collection of plants made by hiin as a member of 
the Austin expedition to the coast of Labrador in the summer of 1928. Plants were gathered 
at twenty stations along the southern and central parts of the coast, from Battle Harbour 
in the south to Tikkoatokok Bay in the north, representing a stretch of some 400 miles. The 
vegetation shows, in exposed situations, the general depressed habit of the crowberry 
{Empelrtim nigrum) and the bearberry (Afclostapliylos alpina), but becomes a low forest 
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of black spruce [Picea mariatm) with a dense lichen turf, mostly of Oladonia alpeslris in 
sheltered valleys. In at least this section of the coast the flora has a conspicuous Canadian 
chaTOoter, and its age, origin, and affinities appear to have a definite relation to the extensive 
glaciation in recent geologioal times. The potency of this factor is easy to see in the almost 
total absence of soil, the low rounded hills of essentiaUy uniform height, and the countless 
onlders everywhere to be seen. The rarity of certain species would seem to indicate the 
disappearance of the older arctic flora of the region, and the dominance of others points to 
the invasion of a more southern flora. Thus the spread northwards of Canadian Wpes at 
toe dose of Pleistocene times appears to be the main due to the origin of the LaiadOT 

At toe end of the paper are appended notes on some of the more interesting- t)lant« 
collected on the expedition. ' ^‘'oresring plants 

481. A. F. “Some Gladoniae from the Valley of the Cap Chat River 

S9. ^93Ml ^isTy PP- 

This eompri,ses a list of lichens of toe genus Oladonia collected by the author duriim 

the bhiokshook Mts, m Matane County, Quebec, near the north shore of the Gasp^ 
Penmsula. One species (G. ^nvisa) is described as new by C. A. Robbhis, who also proposes 

Not.e? combination 6. conisfa (based on Gemmi/oe fimhriata var. eoniala) for Liother 
Notes are added on a few of the more interesting forms. aiiotiicr. 

Additions to the Newfoundland Flora” 
Rhodora, 32, pp. 3-4. 1930. (1. 132.) 

Six plants not previously reported from Newfoundland were collected by the author 
while botanising m the south-west of the island from niid-June to mid-SepLber I W 

^ 1“ 

AlatoiTiliT.t Canadian forest from Newfoundland to 

extr^dy abundant hut'JoTy faftte 

484. Fernald, M. L. “Contributions from the Gray Herbarium of Har 

establishingitsdf onthe Atlanti^^^^^^^ -- 
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485. Fernald, M. L. 'Contributions from the Gray Herbarium of Harvard 
. University— No. LXXXVII. IV. The Complex Bromus GHiatus.” Rho- 

dora, 32, pp. 63-71, Plate 196. 1930. (1. 135.) 

Bromus Dudleyi^ described as a new species by Fernald, ranges from Newfoundland to 
Britisb Coiuinbia and southwards into the United States. In habitat it shows a marked 
preference for (though not restriction to) limy or neutral bogs and wet thickets, being 
specially characteristic of the calcareous regions of Newfoundland, the Mingan Islands, the 
Gaspe Peninsula, etc. It is closely allied to B, ciliatus, and has been confused with that 
species, which is the commonest Bromus of thickets and borders of woods in eastern Canada 
and the nortli-easterii United States. B. ciliatus itself is subdivided by Fernald into two 
varieties, both of which ai’e Canadian plants. To the typical variety, which is generally 
more northern in distribution and shows a strong subalpuie tendency, he gives the new 
name B. ciliatus var. gmuinus. The other and less boreal variety is diagnosed as new under 
the name B, ciliatus var. mtonsus, 

486- Fernald, M. L. '' Contributions from the Gray Herbarium of Harvard 
University — No, LXXXVII. V. Some Varieties of the Amphigean 
Species of Osnmnda'' Rhodom, 32, pp. 71-76. 1930. (1, 136.) 

In this paper three species of Osmtimla are discussed. The North American representative 
of O. regalis is maintained as 0. regalis var. specktbilis; it occurs from Newfoundland to the 
Saskatchewan and southwards in the eastern United States. 0. Glaytonmm, in its typical 
variety, ranges from Newfoundland to Lake Winnipeg and to the eastern United States. 

O. cinmmomea exists in three geographical varieties, of which only one, var. typica (a new 
name), is found in Canada, where it extends from Newfoundland to Ontario. 

487. Fernald, M. L. ''Contributions from the Gray Herbarium of Harvard 
University — No. LXXXVII. VI. PoUmiogeton alpmus and P. micro- 
stachysP P/wfZom, 32, pp. 76-83, Plate 197. 1930. (1.137.) 

The American plants which have been referred to Potamogeton alpinus (sometimes as 

P. alpinus proles microstachys) are here regarded as constituting a distinct species for which 
Wolfgang’s name P. microstachys is taken up. The species falls into two varieties, of which 
var. typicus (a new name) is widespread in Canada, whilst var. subeUiptictis (diagnosed as 
new) occurs from Newfoundland to British Columbia. 

488. Fernald, M. L. "Contributions from the Gray Herbarium of Harvard 
University — No. LXXXVII. VIL The Identities of J uncus canademis 
and of J. brevica/iidatusd^ Rlwdora, 32, pp. 83-88, Plate 198. 1930. 
(1.138.) 

In this paper the correct application of the names canadensis and J . brevicaudaMis 

is discussed at length, the conclusions reached being at variance with the views expressed 
by K. K. Mackenzie in a previous article (see Abstract 391 ). 

489. StebMns, G. L., Jr. "Contributions from the Gray Herbarium of 
Harvard University— No. LXXXVII. HI. A Revision of Some North 
American Species of Calamagrostisd' Rhodora, 32, pp. 35-57, Plate 195. 
1930.(1.139.) 

This revision deals with the North American species of Galamagrostis sect. Galmnagris 
and sect. Beyeuxia subsect. Orthoatherae. A key to the species is given, followed by an 
enumeration of them and their varieties. Eight of the species are represented in Canada, 
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on, pp. 112-113, Plate 203. 1930. (1. 140.) 

Befcchowun, Saguenay crmty.QlbS*"^^^ specimens collected at 

^^^\9?0^\L\4 i.) Dewey.” Rhodora, 32 , pp. 162-166. 
^^^'(dS.7' Bhodora, 32 , pp. 140-142. 1930. 

4 .piteus. Newcomtoationl nren!^ ^ called 

new variety (A.'pilosvs var. demotus) is ^0*00'^^^)'*^*^^ species, and a 

and tbe eastern United States. " P P ‘’C common fSrm wMcli occurs in Ontario 

TrT’ p- Plasmodiophoracea 

(i. l44.) 23 , pp. 13-18, I93O. 

the type of a new “w T'*’ f 

was found infesting the roots of Heleranlhara duh!ii CP "Bhe fungus 

Woods, western Ontario. ' ^ cntedonaoeae) growing in Lake of the 

M. r-. Bot. cu. 

™rs7S *=““ <“ * ““““ 

{ 2 ) SOUTH AFBICA (Gollaboratob, A. W Exell) 

1930. (2. 80.) PP- -322, 1 Diagram. 

d“JS^S 
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497 „ Verwoerdy L. and Dippenaar, B. J. '' Descriptions of some new Species 
of South African Fungi and of Species not previously recorded from 
South Africa.’^ S, Afr. Journ. ScL 27, pp. 326-330. 1930. (2. 81.) 

New species of Gercospom, Se^^toria, Gladospornm^ Diplodittf Pestabtia, and Coccocliora 
are described. 

498 » Marlothy R. ‘‘A Revision of the Group Virosae of the Genus Euphorbia 
as far as represented in South Africa.” S. Afr. Journ. Sci. 27, pp. 331-340, 
Plates IV-VI. 1930. (2. 82.) 

Four new species of Euphorbia are described and figured and a key is given to the South 
African species of the group Virotme. 

499. PMllipSy J. F. ¥. ‘"Fire: its influence on Biotic Communities and 
Physical Factors in South and East Africa.” 8. Afr. Journ. Sci. 27, 
pp* 352-367. 1930. (2. 83.) 

Ai outline is given of the more important changes in the vegetation following firing, 
in (i) climax grassland, (ii) tree-and-grass savanna developing to either deciduous or ever- 
green scrub climaxes, (iii) Macchia or “Pijnbosch,” (iv) subtropical and tropical evergreen 
forest. Vast stretches of South and East Africa have their vegetation kept in an “open” 
or non-climax condition by annual or periodic fires. In the tree-and-grass savannas fire 
has played a considerable part in the development of certain growth forms in plants and 
profoundly affects the behaviour of the animals associated with the vegetation. Firing 
also brings about far-reaching changes in the physical, chemical and biological conditions 
in soils. The conclusion is reached that controlled firing is a useful and often necessary agent 
in veld management and tsetse-fly control, but it is urged that generalisations regarding 
the iniiuences of firing should be made only after the local circumstances liave been examined. 

500. Moggy A. O. D. ^^An Aut-ecological Note on the Poisonous ^Gifblaar’ 
[Bichapetahmi cymosum (Hook.) Engl.).” S. Afr. Journ. Sci. 27, pp. 368- 
375, Plate VII and I Chart. 1930. (2. 84.) 

Dichapetal/mi oymosum (Hook.) Engl, is found to produce jmiing shoots twice in the 
season probably owing to the evenness of the soil tempera.ture during the period Aug.-Nov. 
and again in March. These young shoots are very toxic. 

501. Guthberty J. B. “Some Notes on the Physiology of Teloschistes flavi- 
cans.'' Trans. Roy. Soc. S. Afr. 19, pp. 27-44, Plate III and Text-figs 1-6. 
1930. (2, 85.) 

In the Cape Peninsula TeloscMstes flavicans is almost invariably supported by Asparagus 
m/pensis L.; its distribution is limited and erratic. The water relations, presence of parietin 
and “weathering” are discussed. 

502. Rennie, J. V. L. “Note on Fossil Leaves from the Banke Clays.” 
Trans. Roy. Soc. S. Afr. 19, pp. 251-253, Text-figs A-J. 1931. (2. 86.) 

Some seventy fragments of dicotyledonous leaves referable to at least twelve species 
have been found in the Banke clays. The material is very incomplete but gives a glimpse of 
a past flora of a type distinct from that of the modern flora of Little Namaqualand and which 
could only have flourished when the climate of that region was considerably more humid 
than it is at present. 
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parts is thicldy stre-wn with stones- the soil ic ’ ’ rocky, and in some 

occnr. The ve^tation SX aeX -reas of deeper soil 

range of mountains which pro5de?sharDlv eont Secondly the Witteberg 

distinct from that of tlie ^ PJ formation with a 

Aiwcm, HdiophUa, AsmmZ^'p Le^mosparmum, Thesinm, 

PolygaU, Hermannia, ArOirotZ, ^ Erim ^jgopTiylUm, Agathosnia, Dio.ma, 

Aster, Felicia, Pter^nia, HdiZ’jTnTr’ ^nUra, Oftia. 

Othonna, Osteospermum., Tripteris Ld T/r/ P^P^permim, Euryops, 

I^ahteen-Gesell. 2, pp. 21-22. 1930. (2 89 ) 

Descriptions of new species of Agnirictns and Oomphytum. 

Desenptions of four new species of ^ T ^ 

"■SStSJ^JST^S. 

w<«t AfricT^ succnlenta found on an espolition to the Euohu MtsinSouth- 

5io“"Tt 1 “I r 

'(2.Sr°“ 76-79 •»<! 102-107. 1930. 

ne^ThTSirtS^r." “z;n.?sif — a,^^. 

phytum by Lavis, in the genus Bobartia by Gillett a”d g®“s C'ono- 

of thenewgenus R. H. Compton 

511. Salter, T. M. and Exell A Vir “q ^T . 

SonthAfficn... 

8.™ new .t<«i„ of O^aU. .,. d.«nM ftL Cap. P„™.n ' "' 
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512. Smith, G. A. “Nuxia and Lachm-pylis in Africa.” Bull. Misc. Inf. 
Kew, pp. 10-32, Text-iigs 1-2. 1930. {i. 96.) 

Soiitli African species formerly referred to Nuxia are transferred to the genus LacJino- 
pylis and a key is given to the species occurring in South Africa. 

513. Smitliy G. A. ''Scilla lanceaefoKa of the Flora Capensis.” Ball. 31isc. 
If}f. Ke'W, ])-p. 241-252. 1930. (2. 97.) 

New names are published for a number of ScMla spp. from South Africa. 

514. Marqnand, G. V. B. ''A New Species of Exormothem from South 
Africa.’’ BuU. M%se, Inf. Kew, pp. 237-239, 1 Text-fig. 1930. (2. 98.) 

615. Sclionlaiidy S. ‘‘The South. African Species of BJiiis L.” BothaMa, 3, 
pp. 3-115 with numerous Text-figs. 1930. (2. 99.) 

Tills important genus with numerous species in South Africa is dealt with in detail as 
regards classification, phylogeny, morpliology, habit and geographical distribution. 

516. ForbeSy Helena M. L. “The Ge.nus Psoralea Linn.” Bothalia, 3, 
pp. 116-136. 1930. (2. 100.) 

A key to the South African species of Psoralea is given together with descriptions of all 
the species and their geographical distribution. 

517. Marlothy R. “Notes on Aloe spicata Linn, fil.” Bothalia, 3, pp. 142- 
146, 2 Photographs. 1930. (2. 101.) 

518. Stenty S. M. “«outh African Gramineae. Some New Species of Bigw 
tariaP Bothalia, 3, pp. 147-156. 1930. (2. 102.) 

(3) AUSTRALIA AND TASMANIA (Collaborator, V. S. Summbrhayes) 

519. Williamson; H. B. “Notes on the Victorian Species of Vic- 

torian Naiuralist, Melbourne, 46, pp. 175-8. Jan. 8th, 1930. (3. 37.) 

Six species are admitted as possibly Victorian. A key to these is given, with descriptions 
and notes on each species. 

520. SnmmerbayeS; V. S. “A Revision of the Australian Species of Fran- 
kenia.'^ Journ. Linnean Society, London, Botany, 48, pp. 337-387, Plates 
16-18, 7 Text-figs. April 24th, 1930. (3.38.) 

Forty-five species including the introduced F. pulv&rulenta are enumerated and de- 
scribed. A synopsis of the series of Australian species and a key to the species are provided. 

521 . Rnppy H, M. R. Guide to the Orchids of New South Wales. Pp. viii + 152, 
84 Photographs, 8 Text-figs. Angus and Robertson Ltd, 89, Castlereagh 
Street, Sydney. 1930. (3. 39.) 

Popular descriptions of all the species are given, with partial sjmopses to some of the 
larger genera. Many notes on habitat and other biological details. Habit photographs are 
supplied of many of the species. 
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vSoria?’ pJ‘ the Distribution of Trees in 

16-20, 4 T„t-iig.„,. 2 Map,. March 13, h. 1930. t^O. ' “ 

(C)Bfotio“”' categories: (A) CHmatic, (B) Geological, 

throughout the year, bJi fa dijhtly J-e^telStte fairly evenly distributed 

from three points of view: (1) Averai^e Annual The rainfall fa considered 

^3) Reliability. Ror the puUset^J^l^l Distribution, 

areas with over 40 in., 30-40 in. 15-30 in ar. i Die State can be divided into four 
Most of the forests occur in the first two div’v rainfall respectively, 

the monthly distribution fa Z Tn^ZZ' t 

temperate rain forest, but in the other areas the W ^ development of climax 

factor. Under (3), reliability, the impoinZf i^ L ®' ^ Smiting 

the limit of endurance being reached in manv 5 ^ P°®*®d out, 

effect fa not very noticeable in the areas with^r'^^'^ru 

occurrence of several consecutive years^nmt T-ll possibility of the 

oonmdemd in the interpretation of LteorologM d^f 
(h) Evaporation. The relative humirlit^r^f tu , 

transpiration taldng place, whereas evaporation can bo^ definite relationship to 

Wion. The evaporation oocurrim^ in antZ Z f f T ^ f™n- 

avorage temperature and relative humidity How oftonTb““ approximately from the 
fall IS of great importance to tree species. ^ ® evaporation exceeds the rain- 

temperatuSfr^bo;Mlry^l^^^^^^^^^ and H. ovata fa controlled by 

isotherms, B. rostmta ocourrino- in the hotfo • “ between the 55° and 60° 

Oippsland fa due to the warm current southwaJ^ 'L 

r ei"S“ r 

~^r 2S;S SSL* 2iL«,LTi“, " “,■ «' Pl«>l» than 1. 

rooks of the same age bear the finest foreste in Viet ^^ereas igneous 

on light soils, while ie basair^SToJmaX^fT'^''^ eucalypts only occurring 
distribution of Enealyptus vimimlu in its relation to mT^ Thf 

the whole grasslands are found on heavy “ D^o^oughly discussed. On 

pendent of the climate. As the mountain ranges Zt Z ’'®“g inde- 

tbe alkaline basalt always forms plains noSl *^Dd igneous rooks whereas 

chemical types can be made. The effect of u r ®ffoot of these two different 

Mso discussed. The presence of anil^Zo JZr^’^^ of the sl^ fa 

to tree development. f^^ below the surface is inS^^ 

»>«•«»■ «<■ Slop. 
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does not pass below 3000 ft. (900 m*) and is therefore a subalpine species. On the whole, 
areas with sharp contours bear forest, while plains, at whatever altitude, are covered with 
grassland. The different vegetation of north and south slopes is also dealt with shortly. 

(C) Biotic. Observations show that fire can have played little part in determining the 
distribution of tree species in Victoria in the past. Very old trees of fire-sensitive types have 
been recorded from many places. Since settlement by white men fires have caused great 
changes in the forests, producing finally communities of Pteridium. 

(8) TROPICAL AND NORTH AFRICA (Collabobatob, T. F. Chipp) 

523. Tlierioty I. “Mqusses du Congo Beige et du Liberia recoltees par H. D. 
Linder.” La Revue Bryologique, 57 Annee, t. 3, fasc, 1--2: pp. 30-50, 
14 Figs. 1930. (8. 46.) * 

An enumeration of Congo and Liberian mosses collected by the Expedition of the Har- 
vard Institute of Tropical Biology and Medicine, 1926-27. 

524. Annual Agricultural Report for 1929, Somulilamd Agricultural and 
Geological Department. The Crown Agents for the Colonies, 4 Millbank, 
London, S.W. 1. pp. 30. May, 1930. (8. 47.) 

In a section devoted to “Soils” the Director of Agriculture remarks that some twenty 
years ago the whole of the neighbourhood of the Military Headquarters at Burao was 
heavily wooded with large thorn-tree Acacias, and, though, for mih'tary reasons, most of 
the large trees and brushwood within the necessary distance from the headquarters were 
cut down to provide a field of fire, outside the ring so formed both trees and brushwood 
still covered the ground. During the last few years a gradual dying-off of this vegetation 
has become very noticeable, large areas are already merely dusty sand-plain, and it is clear 
that unless steps are taken \o arrest it and to replant the bare ground, much larger areas 
will soon become completely denuded. 

Further, it has been found that in places in Burao difficulty is experienced in growing 
either trees, crops or flowers of any kind, though the soil, which is a sandy alluvium, cannot 
be regarded as unfavourable. One of the reasons suggested is that, with the cutting down 
of the large trees and the continual breaking up of the bare surface, the soil regularly 
exposed to the Kharif and other winds is carried off as clouds of dust which, partly checked 
by the remaining vegetation, settles round it and ultimately chokes it. 

525. Nyasaland Protectorate. Annual Report of the Forestry Department 
for the Year ended 31st December, 1929. The Government Printer, Zomba, 
pp. 14. 1930. (8. 48.) 

There are a few references to the occurrence of the principal timber trees. The Report 
is chiefly administrative. 

526. GMpp, T. F. “ Forests and Plants of the Anglo-Egyptian Sudan.” 
Geog. Journ. Royal Geographical Society, Kensington Gore, London, 
S.W. 7, 75, No. 2, pp. 123-143, 8 Plates, 1 Fig., 3 Maps. February, 1930. 
(8.49.) 

The country is not a natural entity and the author first describes the botanical region 
of which it forms part. To this region he gives the name of the West African Botanical 
Region, and in it includes all tropical Africa encircling the Gulf of Guinea as far as the 
Atlas Mountains in the north, and Abyssinia and the Rift Valley in the east. The belts of 
vegetation which stretch in great transcontinental bands from west to east are shown to be 
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oo^rolled by the climate based on the Gulf of Guinea monsoon. The development of the 
vegetation dimmishes correspondingly as the distance from the coast increases. Pour 
Mam climatic types of vegetation are recognised. The closed forest nearest the sea, then 
e grass woodland m which the proportion and density of the woodland varies; two sub- 
ypes are descrihed, the AfzeliarBHlfrospeTm.uni-UpJim and the Combretaceous. This is 

liw and finally there is the Saharan 

lesert vegetation (Amom^Paniewm), in which occur areas devoid of all life. 

ther types are the edaphic, which embrace the vegetation of the great lakes, and the 

ve!:“?r“ physiographic, which is represented by the montane 

’le^oUtion; whilst the result of the activities of man are shown in the biotic climax 

discu “odTde!T' of vegetation which pass into the Anglo.-Egyptian Sudan are then 

bv reference? ff f r constituents noted. Edaphic climaxes are illustrated 

by reference to the A maa forests along the Nile, and to the great Sudd swamps. 

time froTtT^T”! ^ illustrated from the vegetation, now recorded for the first 

mnereWlkt! r “ Southern Mongalla. The author briefly discusses the. 

general! distribution of the montane vegetation of Africa. 

527. Bannerman, D. A. The Birds of Tropical West Africa.. Tlie Crown 
Agents for the Colonies, 4 Millbank, Westminster, S. W. 1, pp. kxv + 376, 

maps in colour, 119 Text-figs. 1930. Price 

primarily an enumeration, with descriptions, of the birds of Tropical West 

st??in devoid ?o th f ^ ‘he vegetation of the area in a 

in TrenfcTHv? T? vegetation belts to the distribution of bird life 

bySlto' E n"" T. f ® - the east 

ZlJnfn '’Whilst in the west the Cape Verde and 

lAiilf of Guinea islands are included. ^ ^ 

wor^nn^f^ “ colours Showing the vegetation belts has been specially prepared for this 
cTutle ?? r ■ "’’r' Chipp- The mahi object of L book is to 

identification identify the birds, and in this connection valuable “field • 
with w . r ^ T compiled from the records of travellers. To aid the novice 

m^mrerl vY- ornithology, an illustrated key has been speemlly 

A She tTif • a classification to be mastered comparatively easily 

af tort YT r^hological history of the British Colons, a glossary of 

meal terms, and a comprehensive index are also included. By its wide scope this 

^ hut also 

a roterence work for all countries which are visited by the birds described. 

by ttTbtrrs f ' ^ importance have been ably seconded 

1 ori wL ^"'‘hy of the author’s treatment. 

bytteB?hiw?rtAT 

by the British West Afnoan Governments and the British Museum {Natural History). 

528 Annual Report of the Forest Department for the year ended December Zlst, 

19.9, Uganda Protectorate. The Government Printer, Entebbe, pp. 15. 

19.10. Price Sh. 1/50. (8. 61.) 

no s^mSoYISo^T* “formation and Regeneration of Eorests” states that 

been fomdlTTr?^^^^^^ ofprocurmg natural regeneration in indigenous forests has so far 
valinhlo fimK conditions favourable for germination and growth of the 

timber species which it is desirable to regenerate are produced thtse oouditions 
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axe also favourable for worthless species and weeds which grow very much more rapidly 

and swamp the desirable regeneration. 

Species of Eiicalyptns have been iivsed in planting swamps with the idea of draining. 

1 he experiment is in too early a stage to form any opinion as to its success, 

529. GMppy T- F. ''The Vegetation of the Central Sahara.’’ Geogr, Journ. 
76, No. 2, pp. 126-137, 2 Maps, 8 PlatovS. August, 1930. Price 2s. (8: 52.) 

During a recent journey across the central Sahara, an opportunity was taken to record 
the vegetation types existing south of the Mediterranean flora on the slopes of the Atlas 
Mountains and north of the flora of the Erench Sudan in the vicinity of the Niger, a country 
botanically iiiilmowii. The route followed was a general direction due south of Algiers to 
the Aliaggar massif. 

The African flora as represented by an edaphie type, with the Acacias and Panimm 
turgidmm, was found to occur at the southern escarpment of the Tadma.it Plateau, and in 
all the dry river systems and drainage pla.ins southwards. 

The ephemeral, or “acheb,” vegetation, the most northerly type controlled from the 
Gulf of Guinea monsoon, was noted. 

References «are given to the vegetation of the oases, a.nd to the cultivation methods 
generally practised in the country. 

The results of the .observation on the vegetation are discussed in relation to the general 
distribution of the belts of vegetation for north tropical Africa. 

530. Wells, G. "Tlie Colour of Riiwenzori.” Geogr. Joun, 76, pp. 110—125, 

7 Plates and 1 Text-fig. 1930. (8. 53.) 

A description of a rather laborious method of colour jihotography by matching with 
standard colours is given, followed by a general account of the Massee Ruwenzori Expedition. 
The plates give very good impressions of the vegetation, and include excellent pictures of 
giant SeMecios and Lobelia'^, The wretched li^dng conditions on Ruwenzori are stressed, 
with the object of enabling future expeditions to be more suitably equipped. The obser- 
vations made are quite general, and it is to be hoped that more exact details will appear 
elsewhere. 

531. Sykes, R. A. " Some Notes on the Benin Forests of Southern Nigeria.” 
Empire Forestry Journ. 9, pp. 101-106, 1 Fig. 1930. (8. 54.) 

A short description of the geology, topography and rainfall variation of the area is 
followed by a more detailed account of the vegetation, which is divided into {a) Closed 
Forest, (h) Open Forest, and (c) Grassland. The first of these forms the main subject of the 
paper and is divided into six subsections, each of which is discussed in turn from the point 
of view of dominant forest trees. Some interesting notes with rega.rd to a few species are 
included. Clearings made by farmers at various times provide interesting serai com- 
munities in various stages of development. Changes in the relative frequency of the 
dominants are very noticeable in travelling inland, though floristic change is slight. 

532. Swynnertoii, G. F. M. Annual Report on Experimental Reclamation, 
Department of Tsetse Research, Tanganyika Territory, for the year ended 
March 31s'^, 1930. Crown Agents for the Colonies, London, pp. 1-24, 
1 Map, 3 Plates. 1930. Price Is. (8. 55.) 

An account is given of the second programme of work carried out at Shinyanga, devoted 
chiefly to the exclusion of fly from areas to which organised grass-burning is inapplicable. 
Experimental methods are the making of palisades to exclude animal visitors and the pro- 
vision of clearings and semi-natural thickets too wide for the fly to cross unaided. 




Suppt 188 British Empire Vegetation Abstracts 

The analysis of losses from the live-post palisade gives much information on the relative 
susceptibility of native trees to termites and other less important causes of loss. Resistance 
to lire, changed environment and clearing operations is noted. 

533, Nigerian Forestry Department, Bulletin No, 1. Record of Forest Research 
in 1928. Government Printing Office, Lagos. Pp. 42, 10 tables and charts. 
1930. Price 5^. (8. 56.) 

The Bidlelm is a summary of the first year’s work of the Research Officers of the Porestry 
Department. The greater part is taken up with an account of the research operations at 
the Forest Experiment Stations at Sapoba and Olokemeji. Useful information is given of 
the sylvicultural characteristics and records of the periodicity of many of the forest trees. 
A third section contains an account of the anti-erosion operations at Udi. 

534, Prat, H. ‘Mnfluence des Brouillards snr la Vegetation du Djehel Miird- 
jadjo.” Bull, Trimestr. de la Societe de Geograpliie et dArcheologie diOran, 
(Noticed in Geogr. Journ. Oct. 1930, p. 363.) (8. 57.) 

Investigations on the vegetation confined to the upper part of the scarps in the Oran 
district, showed that it-s presence is due to the mists wliich develop in the evening after a 
hot day. The mist is prevented from enveloping the bottom by the hot air currents wdiich. 
dissolve it. 

535, Barnes, A. ''The flora of the equatorial highlands of Africa.’’ Journ. 
Roy. Hort. Soc. London, 55, Port 2, pp. 266-270. September, 1930. 
(8.' 58.) 

A popular account of the author’s lecture on his travels in the Central African highlands 
and the Atlantic islands. 

536, Dalziel, J. M. "Cameroon Mountain.” Scot. Geogr. Mag. 

274, Figs 1-6, Sept. 15th, 1930. (8. 59.) 

A general account of the geography and geology of the mountain is followed by a more 
detailed a,cconnt of its known volcanic activity, with special reference to the eruptions of 
1907 and 1922, After briefly discussing rainfall and other water supplies, Dr Dalziel pro- 
ceeds with the main object of the paper, which is an account of the vegetation and ph}do- 
geograpliy of the mountain. The close similarity of the flora to that of the high mountains 
of East Africa is strongly stressed, the absence of arborescent Senecio spp., and such sharply 
differentiated zones as the Bamboo Forest Zone of East Africa being noted. Resemblance 
to the South African flora, as exemplified by the presence of Helicimjsum spp., is stated 
to be purely sixperfioial. Affinity with the European flora is noted, and a short list of familiar 
genera common to both areas is given. The paper concludes with a useful bibliography. 

537, PMlIips, J. F. V. " The application of ecological research methods to 
the Tsetse {Glossina spp.) problem in Tanganyika Territory : a preliminary 
account.” Ecology, 11, pp. 713-733. Oct. 1930. (8. 60.) 

This paper was read before the British Association for the Advancement of Science at 
Johannesburg in July, 1929, and is an account of the work and methods employed by the 
Department of Tsetse Research, Tanganyika Territory. A brief history of the work is 
given: it was begun single-handed by the present director of the department, Mr C. F. M. 
Swynnerton, in 1921, The department was formed in 1925, but the preliminary ■work oc- 
cupied three years, and it was not until 1928 that the department was reorganised to attack 
the Tsetse problem on an ecological basis. Short paragraphs on “concept” and past xvork 
are followed by the more detailed account of the work, divided into the following sections: 
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(1) Recoimaissance; (2) Auteeology of Tsetse; (3) Synecology of Tsetse: Non-pJiysical 
Aggregations; (4) Synecology of Tsetse: Interrelation of the Biome, the Physical Environ- 
ment, and Tsetse; (5) Interrelations of Tsetse and the Vertebrate Fauna; (6) Biological 
Control. It is hoped (Conclusion) that the methods outlined will lead eventually to complete 
control of Tsetse and the attendant sleeping sickness or trypanosomiasis. The Summary 
is followed by a note on Dr Townsend’s paper “The Tsetse Problem” {JS, Afr, Journ, Nat. 
Hist, 4, No. 1, pp. 36-45; No. 2, pp. 139-145, 1923) and a list of literature cited in the text. 

538. Hagerup, O. '']5tude des Types Biologiques de Rauiikiaer dans la 
flore aiitonr de Tombonctou.” Det Kgl. Danshe Videnskabemes Selskab, 
Biologiske Meddelelser, 9, 4, pp. 1-116, 5 Figs, 5 Plates. K 0 benliav]i. 
1930. (8. 61.) 

The author recounts an intensive investigation into the flora around Timbuctu during 
his three months’ residence. The great influence of the wind in dispersing fruits and seeds, 
so that their distribution is almost uniform, is discussed. The intimate relationship of the 
rainy period and germination is pointed out, and the rapidity with which some plants pass 
through the whole of their living phase is instanced. The time required, however, varies 
according to environmental conditions. The different classes of Raunkiaer’s divisions are 
discussed in the light of the examples studied. A systematic enumeration of the species 
collected is given, with notes on their geographic distribution. Very interesting observations 
on the physiology of the plants are offered and indications given as to the type of plant most 
likely to succeed on introduction. The Chamaephytes represent the dominant biologic type, 
but the greater part of the biologic types tend to become Therophytes; certain species 
appear under Wo different biologic types. In discussing the spectra it is shown that the 
Chamaephytes have a percentage of 36 compared with 9 of the normal spectrum; the 
Ciiamaephytes are better able to live through all the seasons. If a species ventures too far 
northwards it perishes in th^ great desert, whose southern limit constitutes the character- 
istic line of demarcation in plant distribution. The statistical determination of biologic 
types by Raunkiaer’s system affords the best method of ascertaining the geographical 
limitations of the different kinds of plant life. 

539. Hagerup, O. ^'tJber die Bedeutung der Schirmform der Krone von 
Acacia Segal Del.” Dansk Botanish Arkiv, 6, Nr. 4, pp. 1-19, 5 Figs, 1 Plate. 
Kobenliavii. 1930. (8. 62.) 

Acacia Seyal is a tree with an umbrella-shaped crown of the thorn bush (Savanna) 
country of the Sudan. The physiology and assimilatory organs are described and it is stated 
that the twigs are the chief assimilation organs of the tree. These are extended so as to make 
the most use of the sunlight, and when this cannot be effected, as with the twigs in the under 
part of the crown, they die off, and so the umbrella shape is obtained. The thorns, when 
dead, are white and reflect the light, throwing it on to the least illuminated sides of the 
twigs. The leaves, which are developed only in the summer season, are accessory organs of 
assimilation. The structure of the organs discussed is described in detail. 

540. Strong, Ricliarci P„ The African Republic of Liberia, and the Belgian 
Congo. The Harvard African Expedition, 1926-27, VoL i, pp. xxvii + 1-568, 
9 Maps, Plates nos. 1-443, 2 Text-figs, Vol. ii, pp. ix + 569-1064, Plates 
nos. 444-476, Text-figs nos. 3-28. 1930. Price $15 the set. (8. 63.) 

The expedition travelled in Liberia, then traversed the Belgian Congo along the Congo 
River and the Lualaba, thence across the continent through Uganda and Kenya to the east 
coast. The greater part of the report is devoted to sociology, pathology, and zoology. The 



Suppt 140 British Empire V egetation Abstracts 

preliminary chapters deal with the geography and climate of Liberia so far as known, the 
authors confining themselves to the politically contained Liberia, and not treating it as 
part of the biological region of West Africa. Chapter xii contains one page on the geology, 
and twenty-five devoted to a general discussion of the vegetation encountered by the ex- 
pedition from the point of view of its comparison with other tropical vegetation with which 
the members of the |>arty were familiar in tropical America. Chapter xxsii (fifty-seven 
pages), entitled “Botanical Report of Liberia,” is a descriptive narrative of the tour with 
lists of the plants noticed en route. No complete enumeration of the plants collected is 
given, and no informative account of the vegetation of this little-known area. The chief 
contribution is that the closed forest is found generally within some thirty miles of the 
coast line, and extends over the whole country, only in the extreme north and in the vicinity 
of the Mandingo Plateau is there anything resembling “paiif-lilie” country. The species 
cited are normal for this type of vegetation. The full value of the large number of illus- 
trations and of the maps is diminished by the reduction, so that detail is lost and place 
names are very diiiicult to read. 

541. ''Le Deboisement du Senegal. Actes et Comptes Reiidiis de F Associa- 
tion Oolonies — Sciences.” Revue de Botanique Appliquee, Pp. 225-230. 
Nov. 1930. (8. 64.) 

A comparison of early accounts of the vegetation of certain parts of Senegal with those 
of recent visitors, especially that of M. Auguste Chevalier. The rapid destruction of the 
vegetation is recorded, and the reason attributed to the extension of ground-nut cultivation, 
to pasturage, and to the firewood retxuirements of an increasing population. The subsecxnent 
article (pp. 230-233) discusses this question in connection with French Tropical Africa 
generally. 

542. Armand, Annet. “Reconnaissance dans le nord Mauritanien.” La 
Geogmphie, 54, Nos. 1-2, pp. 13-23, 2 Maps, 3 Pl^ptograplis, 2 Pigs. Paris, 
Juillet-Aout, 1930. (8. 65.) 

A general description is given of the country situated about 19° N. and 12° W. No 
direct reference is made to the vegetation, but the illustrations show the counfcry to be 
typically Saharian — sandy plains and rocky mountains. 

543. Prince Sixte de Bourbon. “ De Djibouti a Khartoum par Addis Abeba, 
le Beni Changoul et le Soudan.” La Geographie, 54, Nos. 1-2, pp. 1-12, 
2 Maps, Paris, Juillet-Aout, 1930. (8. 66.) 

From Addis Abbaba a six-wheeled automobile was used for the 250 km. westwards to 
Billo, a joxxrney which took three days. Thence the journey was by small mules which covered 
some 30 km. a day with a load of 45 kg. During the last stages native porters were employed. 
The Anglo-Egyptian Sudan was entered at Kurmuk. Brief references are made to the vege- 
tation, more especially cxiltivations and shade trees such as Eucalyptus and giant “Syca- 
mores.” The destruction due to firing the dry vegetation in the Beni Ghangoul is described. 

544. Leakey, L. S. B. “East Africa Past and Present.” Geogr, Journ. 76 , 
No. 6, pp. 494-498. The Royal Geographical Society, London, S.W. 7. 
December, 1930. Price 2s. (8. 67.) 

The author discusses the recent physiographic history of Tropicxil East Africa during 
the establishment of man in the country. The possibilities of the populations and domestic 
animals which can be carried are considered in relation to the vegetation of the present day, 
and the variations in the types of vegetation which unay be effected by alteration in the 
water supply are dealt with. 
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545. Mdiolson, J. W. ‘ * Forests and Eainf all/’ Empire Forestry Journal, 9, 
No. 2, pp. 204-212. Tlie Empire Forestry Association, 22 Grosvenor 
Gardens, London, S.W. 1. 1930. Price 75. 6(^. (8.68.) 

■ The evidence that forests do infliienee rainfall, so far as observations in Bast Africa 
have been carried out by the author, is more positive than negative in character. The author 
discusses the subject at length and weighs the evidence as to what influence forests exert 
over the different kinds of precipitation, basing his arguments on his experience in East 
Africa.'' 

546. ' Topliam, P. “Man and The Forest in Northern Nyasaland.” Empire 
Forestry Journal, 9,*No. 2, pp. 213-220. The Empire Forestry Association, 
22 Grosvenor Gardens, London, S.W. 1. 1930. Price 75. %d. (8. 69.) 

The area described is the part of Nyasaland west of the Lake. The main vegetational 
types are divided into a “deciduous” type which is nearty leafless for some months of 
the year, and an “evergreen” in which the leafless period is very short. Both types contain 
all physiognomic forms of vegetation. The practice of shifting cultivation and its influence 
on the succession of forest types are discussed. 

547. Kennedy, James D. “Taungya Method of Regeneration in Nigeria.” 
Empire Forestry Journal, 9, No. 2, pp. 221-225. The Empire Forestry 
Association, 22 Grosvenor Gardens, London, S.W. 1. 1930. Price Is. %d. 
(8. 70.) 

The possibilities of developing this system in the Sapoba district and the effect of the 
system on the vegetation are discussed. 

548. Mildbraed, Dr “Sample Plot Surveys in the Cameroons Rain- 
Forest.” Empire Forestry Journal, 9, No. 2, pp. 242-266. Empire Forestry 
Association, 22 Grosvenor Gardens, London, S.W. 1. 1930. Price 7s. 6d. 

( 8 . 71 .) 

This is one of the first records of sample plot surveys in the West iifrican equatorial 
forest. The plots were each 1 hectare in area. As the survey was required for utilisation 
purposes only stems of 30 cm. diameter and upward were reckoned. The system employed 
is detailed, and records of several plots given, with the author’s comments on each plot. 
The gaps in the %e classes is a most striking feature, and also the influence of the habitat 
factors on the composition of the jilots. No attention was apparently paid to the possibility 
of discontimious germination. A systematically arranged check-list of all the plants col- 
lected in the Likomba forest is given. The translation from the German is by H. M. Heyder. 



